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The Abstract 
Air pol lut ion mon itor ing is h ighly va luable due to effects on economics and 
pub l ic hea lth . Hence, concerned authorities in  d ifferent countries as we l l  as the 
World Health Organ ization (WHO) specified the perm itted standard concentration 
of the main pol lutants. Large number of countries a lso have bu i lt their a ir  qua l ity 
monitoring stat ions,  and d istr ibuted them in several sites to mon itor a i r  pol lutants 
over the whole year . Some developed countries establ ished an awareness 
environmental program to ed ucate the publ ic and inform them of da i ly pol lut ion 
leve l to take necessa ry p reca ut ions. 
I n  th is study, air pol lut ion was mon itored in  AI-Ain C ity over twelve months, 
through mon itor ing the fol lowing gases : n itrogen d ioxide ,  su lfur d ioxide, ozone 
and ammonia .  Four s ites were se lected representing AI-Ain C ity industria l ,  traffic, 
commercial and resident ia l  zones . I n  addit ion, a background s ite in a remote 
area outs ide the city was selected . 
Passive sampl ing techn iq ues was used to collect the a bove mentioned a i r  
pol lutants due to  its low cost , low techn ica l  demand a s  wel l  as exped iency for 
mon itoring many pol luted locations .  Ion ch romatogra phy,  ammonia ion selective 
electrode devices as wel l  as spectrophotometry, were used for ana lysis .  
A new sensit ive spectrophotometric method was developed to measure 
n itrogen d ioxide at concentration lower than 1 ppm . A lower concentration of 
J l l 
n it rogen d ioxide was measu red through a reaction between the resulted n it rite 
and ABTS. 
This thesis is d ivided into five chapters as fol lows : 
1 .  Chapter 1 (Introd uction): includes a description of AI-Ain city and the 
a rea selected for our  study. A description for the four  selected a i r  
pol luta nts and the pass ive sampl ing techniq ues is also included . 
2. Chapter 2 ( L iteratu re Review): inc ludes an overv iew of the previous 
stud ies performed to determine the concentration of the se lected a i r  
pol lutants and the pass ive sampl ing techn iques.  Aims of th is  study were 
summarized at the end of this chapter. 
3. Chapte r 3 (Ex perimental ): incl udes a description of the preparation of the 
chemica l  solut ions;  preparing , dep loying , and ext ract ing the pass ive 
samplers;  and a descript ion for the used instruments . 
4 .  Cha pter 4 (Resu lts and Discussions): includes a presentation of the 
results a nd their  ana lysis .  
5 .  Chapter 5 ( Determ i natio n  of the Concentration of Nitrogen  Dioxide 
using ABTS): inc ludes a deta i led description of the developed method in 
measur ing a lower concentration of n itrogen d ioxide .  
6. Conc lus ion  a n d  Recommendatio ns: includes summary for the  most 
important  outputs obta ined from this invest igat ion.  S uggestions and 
recommendat ions a re also inc luded . 
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1. Introduction 
Chapter I: Introduction 
1.1. AI-Ai n C i ty 
The Un ited Arab Emi rates ( UAE) is located in  the southeast of the Arabian 
Pen insula in southwest Asia on the Arabian Gu lf, com pris ing seven emirates: 
Abu Dhabi ,  Aj man ,  Duba i ,  Fuja i rah ,  Ras AI-Khaimah ,  Sharjah ,  and Umm AI-
Qaiwa in .  I t  is bordered by the Arab ian Gu lf form the north ,  Saudi Arab ia from the 
south and west , a nd the Su ltanate of Oman and the Gu lf of Oman from the 
east (F igure 1 . 1 ) . 
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Chapter 1: Introduction 
After the independence of the Un ited Arab Emi rates (UAE) in 1 97 1  a nd 
due to the discovery of o i l  and under the d i rect ion and supervision of H is  
H ighness Sheikh Zayed B in  Su ltan AI Nahyan ,  the UAE has witnessed a rapid 
development in  rural  and u rban a reas.  Modern cit ies in  the UAE have been 
con nected by a vast network of fi rst-c lass roads a nd l inked to the outside world 
by modern a irports a nd ports . Houses , schoo ls ,  hosp ita ls ,  shopping centers ,  
telecommun ications , e lectric ity a nd water,  luxury hotels a nd recreat ional fac i l i t ies 
have a l l  been provided for the people in  a remarkably short period of t ime. 
The UAE's strong economy, hea lthy socia l deve lopment a nd i ts pol i t ical 
stab i l ity have cont inued to support a steady r ise in  inhab ita nts , which has g rown 
from just over 1 m i l l ion in 1 980 to an estimated 4 . 3  mi l l ion  at the end of 2004 . 
The rap id increase,  one of the fastest in  the world , is due to an influx of fore ign 
workers,  a sharp d rop in  infant morta l ity and a compa ratively h igher b i rth rate. 
The average g rowth rate was a round 6 .4% between 1 980 and 1 985 .  I t  p icked up 
to 7 . 7% from 1 986 to 1 995 and 8 . 8% from 1 996 to 2003 [ 1 ] . 
Abu Dhab i  is the cap ita l of the UAE ,  and the la rgest of the seven emirates 
with an a rea about 67 ,340  km
2
, representing 86 .7% of tota l  a rea of the U n ited 
Arab Emi rates , exc lud ing the is lands [2] .  For admin istra tive purposes the Abu 
Dhabi  E mirate is d ivided i nto th ree major reg ions.  The F i rst region encompasses 
the city of Abu Dhab i  which is both the capital of the emi rate as  wel l  as of the 
UAE Federation .  Abu Dhab i 's  second reg ion ,  known as the Eastern Region , has 
3 
Chapter i: Introduction 
its cap ita l  AI-Ain city. The western Region ,  the emirate's th i rd admin istrat ive 
sector, comprises 52 vi l lages and has its capital Bida Zayed,  or Zayed C ity. 
AI-Ain is the largest city in the Eastern Region of Abu Dhabi  Em irate. The 
word "AI-Ain" mea ns spring , and this name was g iven because it conta ins 
abundant g round water in  the past .  The city is a lso known as "The Garden C ity of 
the Gu lf' , beca use it conta ins n umerous impressive parks .  It is located near the 
Tropic of Ca ncer approximately between lat itude 24 ° 03' and 24 ° 22' Nort h  and 
Longitude 55° 28' a nd 55° 53' East. The 1 995 population census for AI-Ain is 
estimated to be a round 3 1 8 , 525  and a round 348 , 000 in  2003 .  I t  is expected that 
the popu lat ion wil l reach 523 , 970 by the yea r 20 1 0  [3J. Table 1 . 1  shows the 
populat ion census of AI-Ain ,  compa ring with UAE other cit ies [4J. 
The n um ber of cars in AI-Ain i ncreases with increas ing of the popu lat ion.  
Most of these cars a re equ ipped with modern systems to m in im ize the q uant ity of 
the emitted pol lutants .  The number of vehicles in AI-Ain in 2004 was 1 29 1 42 
(Table 1 . 2 )  [2J. 
The c l imate of AI-Ain is tropica l and is deficient in  ra infa l l ,  with a mean 
annua l  rainfa l l  of a bout 96.4 m i l l imeters. C l imat ic condit ions ca n be cha racterized 
with in two d ist inctive periods :  a p rolonged d ry s um mer period of h igh 
temperature between Apr i l  and November where the temperature may reach 
more than 4 5 °C i n  J u ly ,  and a winter period of m i ld to wa rm temperature with 
s l ight rainfa l l  between December and March where the temperature may reach 
4 
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less than 1 7  ° C in  January. The average temperatu re during summer is a bout 
35° C and d ur ing winter a bout 1 8 °C [2 ,3 ] .  
Oman Mounta ins  prevent the effect of  seasona l  a i r  currents which coming 
from I nd ian Ocean a nd which ra ise the humid ity percentage. The hum id ity values 
range in summer between 36 a nd 39, and ra ise in  winter to reach the maximum 
va lue in  December and January where range between 70 a nd 74 and may reach 
more than 90 [2 ] .  
Table 1 . 1 :  Number of  inhab itants of  the main UAE cit ies from 1 975-2003. 
Year 
City 
1975 1980 1985 1995 2003 
Abu Dha b i  1 27763 243257 28336 1 398695 552000 
AI-Ain 50704 102329 1 33022 225970 348000 
D u bai 1 79926 263449 354 1 75 669 1 8 1  1 1 7 1000 
Sharjah 58053 1 25 1 93 1 73787 320095 5 1 9000 
Khor-Fakkan 60 1 5  10790 1 5330 22594 32000 
Ajman 1 435 1 33651 49 108  1 1 4395 225000 
Umm AI-Q uwa in 5642 9652 1 7926 250 52 38000 
Ras AI-Khaimah 22924 4 1 435 54425 77550 102000 
F ujairah 2909 1 2659 1 7926 33 1 76 54000 
TOTAL 468287 842415 1099060 1886708 3041000 
5 
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Table 1 .2 :  N um ber of motor veh icles reg istered in AI-Ain in  2002 and 2004 . 
Veh ic les 2002 2004 
Light Tr ucks 925 1 1 108284 
Heavy Tr ucks 4620 10490 
Buses (light & heavy) 1 8 1 8  30 1 2  
Light Mechanica l Veh. 78 1 3373 
Heavy Mechanical Veh. 459 2206 
Motor Cyc les 274 1 727 
Tota l 100,463 129,142 
AI-Ain is characterized by the vast a rid desert of the Empty Quarter (Rub 
AI-Kha l i ) ,  a rugged mounta inous region (Jabel Hafeet, Jabe l  Haja r) ,  a nd fert i le 
oasis.  Some of the prom inent geomorphological featu res i nclude fa lajs ,  J abel 
Hafeet , and the Piedmont Plain reg ion . 
AI-Ain city has no heavy ind ustr ies. There a re few factories which may 
contaminate the ambient air such as AI-Ain Cement factory, AI-Ain Fert i l izers 
Factory ,  a nd G u lf Pa ints .  AI-Ain industr ia l  zone a lso has no ind ustries ; it includes 
workshops for repa ir ing electr ical machines ,  a utomobi les ,  carpentries, 
supermarkets ,  etc. 
The a rea of AI-Ain is a round 2 1 ,000 km
2
, represent ing 27 . 0 1 % of the tota l 
area of the U n ited Arab Em i rates ,  a nd 3 1 .2% of the Em i rate of Abu Dhabi .  The 
area of rural is a round 2 0 , 500 km
2 
a nd the rest a rea for AI-Ain city [2] . The 
6 
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bu i ld ings of AI-Ain  a re scattered over a large a rea . These bu i ld ings consist 
ma in ly of 1 -2 floors , b ut the commercial  bu i ld ings consist of two or th ree floors . 
Table 1 . 3 shows the number of bu i ld ings ,  un its and establ ishments in the urban 
and rural a rea in  AI-Ain C ity [5 ] .  
Table 1 . 3 :  Number of  bui ld ings,  un its and establ ishments in the u rban and rural area of 
AI Ain City. 
Regions Buildings Units Establishments 
Urban 29108 65797 13547 
Rural 27524 31382 3607 
Total 56632 97179 17 154 
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1. 2. The Ai r (Basic Facts) 
Air is essentia l for most organisms. Its existence a nd composition affect 
many other parts  of the environment. The uniq ue composition of the atmosphere 
helps to ma intain our p lanet in its present form and make it habita ble. 
The atmosphere is a mixtu re of gases which va ry from trace levels to 
nit rogen , which comprises approximately 78% of its mass and volume. The 
gaseous mixtu re consists of two types of substances , ( i) substa nces whose 
concentration remains consta nt over many mi l lennia such as nitrogen ( N2) ,  
oxygen (02) ,  a rgon (Ar) , neon (Ne) , helium (He) , k rypton ( Kr) ,  hyd rogen (H2) ,  and 
xenon (Xe) (Table 1 .4 . ) ,  a nd (ii) substances whose concentration va ries da i ly ,  
seasona l ly o r  over the time such as water vapor ,  carbon dioxide, ozone, etc 
(Table 1 . 5)  [6 ] .  
1.3. Air  Qual ity 
The pr im a ry aim of air qua lity management is to protect pub l ic hea lth from 
the adverse effects of air pol lution and to eliminate, or red uce to a minimum,  the 
a i r  contaminants that  a re haza rdous to human hea lth and wel l-being [7] . 
Sig nifica nt adverse effects of pol lution on ecological  systems have been 
reported at concentrat ions below those known to be harmfu l to humans .  
Eco logica l effects may have a sig n ifica nt indirect influence on human hea lth a nd 
wel l-being .  
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Table 1 .4  Atmospheric gases: Average concentrat ions of remained constants 
constituents 
Gas Concentrat ion (ppm) 
N itrogen 780 , 840.00 
Oxygen 209,460 .00 
Argon 9, 340 .00 
Neon 1 8 . 1 8  
Hel ium 5 .24 
Krypton 1 . 1 4  
Hydrogen 0 . 50 
Xenon 0 .09 
Table 1 5 :  Atmospheric gases: Average concentrations of variable constituents .  
Gas Average concentration  ( ppm) 
Water vapor 0 . 1 - 30 ,000.00 
Carbon dioxide 360 .00 
Methane 1 . 72 
N it rous oxide 0 . 33 
Carbon monoxide 0 . 1 1  
Ozone 0 .02 
Ammonia 0 .004 
N itrogen dioxide 0 .00 1 
Sulfur d ioxide 0 .00 1 
N itric oxide 0 .0005 
Hydrogen sulfide 0 .00005 
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Air qua l ity mon itoring is based on a set of long-term goals for the 
protect ion of human health and the environment in the form of air qua l ity 
sta ndards  [8 ] .  
1 .3 . 1 . A i r  qua l i ty sta ndards 
The US E nv i ronmental P rotect ion Agency (E PA) Office of  A i r  Qua l ity 
P lann ing a nd Sta ndards (OAQ PS) have set Nat ional  Ambient Air Qua lity 
Standards  ( NAAQS) for six pr incipal  pol lutants , which a re ca l led "criteria" 
pol luta nts . These pol lutants orig inated from numerous and d iverse sou rces a re 
considered ha rmfu l to pub l ic  health and the env i ronment. These pol lutants a re 
classified into two types accord ing to the nat ional a i r  qua l ity sta ndards .  Pr imary 
sta ndards  set l im its to p rotect pub l ic hea lth ,  inc lud ing the health of "sensi t ive" 
populat ions such as asthmatics, ch i ld ren , and the elderly . Secondary standards 
set l im its  to p rotect pub l ic welfare, includ ing protection against v is ib i l ity 
impairment, damage to a n ima ls ,  crops, vegetat ion ,  and bu i ld ings .  The 
measurement's u n its for the standards a re parts per m i l l ion (ppm) by volume, 
m i l l igrams per cub ic meter of a i r  (mg/m3) a nd microg rams per cubic meter of a i r  
(lJg/m3) [9] .  Tab le 1.6 l ists the 1 990 status of  the NAAQS.  
A i r  qua l ity standards a re based on numerous samples averag ing periods, 
pol lutants concentrat ions a nd exposure t ime [8] .  
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Table 1 .6 :  U S  Nat ional Amb ient Air Qua l ity Standards (NMQS) [9] . 
Pol luta nt Prim a ry Sta ndards Averaging Times Secondary Sta ndards 
9 ppm (10 mg/m3) 8-hour None 
Ca rbon Monoxide 
35 ppm (40 mg/m3) 1-hour None 
Lead 1.51Jg/m3 Quarterly Average Same as Primary 
Nitrogen Dioxide 0.053 ppm (100 IJg/m3) 
Annual (Arithmetic 
Same as Primary Mean) 
50 IJg/m3 Annual (Arith. Mean) Same as Primary 
Particulate Matter (PMlO) 
150 IJglm
3 24-hour 
15.0 IJg/m3 Annual (Arith. Mean) Same as Primary 
Pa rticulate Matter (PM2.s) 
65 IJg/m3 24-hour 
Ozone 0.08 ppm 8-hour Same as Primary 
0.03 ppm Annual (Anth. Mean) -------
Sulfur Oxides 0.14 ppm 24-hour -------
------- 3-hour 0 5  ppm (1300 IJg/m3) 
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1 .3 . 2. Air Qual ity Sta ndards for Abu Dhabi Emirate 
There a re cu rrently no statutory ambient a i r  qua l ity sta ndards or gu idel ines 
for Abu Dhab i .  The Env i ronmental Agency of Abu Dhabi  has estab l ished 
technical  memora ndum includes ambient a i r  qua l ity standards which includ ing 
a l lowable maximum levels of contamination for the pol lutants (Tab le 1 . 7) [10] .  
The levels a re to be set to protect the publ ic health ,  wi th an adequate marg i n  of 
safety. 
Table 1 . 7 '  Recommended Ambient Air Qual ity Standards for the Emirate of Abu Dhabi .  
Maximum Al lowa ble 
Concentration in the 
A ir Pol luting Parameter 
Average A m bient Air (J,Jg/m3) 
Time ( h )  t h e  Ambient Air 
(J,Jg/m3) 
1 350 
Sulfur Dioxide (S02) 24 1 50 
1 year 60 
1 30 ,000 
Carbon Monoxide (CO) 
8 10 ,000 
1 400 
N itrogen Dioxide ( N02) 
24 1 50 
1 200 
Ozone (03) 
8 1 20 
24 230 
Tota l  Suspended Part icu lates (TSP) 
1 year 90 
Particulate Matter less than ten 
Microns i n  Aerodynamic Diameter (PM1O) 
24 70 
Lead ( P b) 1 year 1 
1 2  
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1.4. Ai r Po l l ut ion 
Air  pol lut ion is defined as any change in the characterist ics and properties 
of the ambient a ir in work places , closed and semi-closed pub l ic p laces , and 
prod uced by natura l  factors or h uman act ivity which may affect human hea lth and 
the environment [11 ]. Kupchella and Hyland reported that the concept of a i r  
pol lut ion is ma in ly defined as the presence of contaminants in the a i r  to such a 
degree that the a i r  causes prob lems or the use of a i r  as a resou rce is impa i red 
[6]. I n  s imple words ,  a i r  po l lut ion means the presence of substa nces or energy in 
a higher than natura l  level which affects l iv ing organ isms , materia ls  and cl imate 
and makes the environ ment unpleasant [8]. 
The U SA Environ mental  Protect ion Agency ( E PA) has defined "a i r  
pollutant" or  "a i r  contamina nt" as part icu late matter , d ust ,  fumes ,  gas ,  m ist, 
smoke, vapor or  odorous substances, or  a ny combinat ion thereof. These 
contaminants affect human l ife, p lant l ife, an ima l  l i fe and p roperty. An a i r  
pol lutant can  be  defined based on the  concentration of the  chemica l  species 
present i n  the envi ronment. The compos it ion of clea n  a i r  (Tab le 1 .4 ,  and Table 
1 . 5) is used as a benchmark .  If the concentration of a chemica l is a bove the 
concentrat ion of chem ica l species present in a i r ,  it is then termed as an a i r  
pol lutant .  
Accord i ng to the U S- E PA,  some 1 47 mi l l ion metr ic tons of air pol lutants 
(not count ing carbon d ioxide or wind-b lown soi l )  a re released into the 
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atmosphere each year in  Un ited States by human activit ies .  Total worldwide 
emissions of these pol luta nts a re a round 2 b i l l ion metr ic tons per year [ 1 2 ] .  
There a re two bas ic  physica l forms of  a i r  pol luta nts . The first is gaseous 
form, such as n it rogen oxides ,  ozone a nd su lfu r oxides .  The second form of a i r  
pol luta nts is particles such as smoke, dust ,  fly ash a nd m ists. Pol l uta nts are a lso 
classified as pr imary pol luta nts and secondary pol lutants . Pr imary pol lutants a re 
those released d i rect ly from the source into the a i r  in a harmfu l form such as 
su lfur d ioxide and n itr ic oxide. Secondary pol lutants,  by contrast, a re mod ified to 
a haza rdous form after they enter the a i r  or a re formed by chemical  react ions as 
components of the a i r  mix  a nd interact . Solar radiat ion often provides the energy 
for these react ions .  Photochem ical oxida nts and atmospheric acids formed by 
these mecha n isms a re probably the most important seconda ry pol lutants in 
terms of human hea lth  and ecosystem damage [ 1 2 ] .  
A i r  pol lut ion prod uced as a resu lt o f  technolog ica l p rog ress a nd i t  is the 
price of industr ia l izat ion is  composed of a mixtu re of pol lutants inc lud ing s u lfur 
oxides (SOx) , n it rogen oxides ( NOx), ca rbon monoxide (CO) ,  organ ic compounds 
such as benzene, toluene, xylene a nd benzo(a)pyrene and part icu late matters 
(PM) .  Severa l  of these pol lutants a re toxic and/or ca rcinogen ic.  They a re mostly 
emitted by loca l sources but some fract ion of the pol lut ion is a lso transported 
through the atmosphere from the sources located outside the city, sometimes in 
a fa r d ista nce from i t .  
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1 .4 . 1 .  Sou rces of a i r  po l l ut ion 
There a re severa l  natura l  sou rces of a i r  pol lut ion which also known as 
biogen ic sources . Volcanoes have spewed part icu late matter a nd gases into our  
atmosphere for m i l l ions of  yea rs . L ighten ing stri kes have caused forest fi res , with 
their resu lt ing contr ibut ion of gases and part icles , for as long as storms a nd 
forests have existed . Organ ic matter in  swamps decay a nd wind storms whip up 
dust .  Trees and other vegetat ion contr ibute large amounts of pol len and spores 
to our  atmosphere. These natura l pol luta nts can be prob lematic at t imes ,  but 
genera l ly a re not as much of a prob lem as a re human-generated pol lutants or 
anthropogen ic sources. 
Human-generated sou rces of a i r  pol lut ion or anthropogen ic sou rces a re 
categorized i n  two ways: mobi le and stat ionary sou rces . 
• Mobi le sources of a i r  pol l ut ion include most forms of transportat ion 
such as a utomobi les , trucks and a i rp lanes . 
• Stat ionary sources of a i r  pollution consist of non-moving sou rces 
such as power pla nts and ind ustr ia l  faci l it ies . 
Stationary sources a re classified as point source or a rea source. 
• A point sou rce refers to a source at a f ixed point ,  such as a 
smokestack or storage tank ,  that emits a i r  pol lutants .  
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An a rea source refers to a series of smal l  sources that together can 
affect air qua l ity in  a region .  For example, a commun ity of homes 
us ing wood stoves for heat ing would be considered as an a rea 
source, even though each ind ivid ual  home is contr ibut ing smal l  
amou nts of  va rious pol lutants [9] . 
1 .4 .2 .  Effects of a i r  po l l ut ion 
The U S  Counci l  of  E nvironmenta l Qua l ity has est imated d irect costs of 
$ 1 6  b i l l ion per year in the U n ited States a lone, inc lud ing over $ 1 b i l l ion just for 
clean ing soi led items a nd $ 500 mi l l ion in damage to crops and l ivestock . 
Worldwide, est imated costs of forest-prod uct ha rvest red uction due to a i r  
pol l ut ion exceed $ 40 b i l l ion per year .  I n  addit ion,  there a re siza ble costs in  
i l lness, med ica l expenses , absenteeism,  and loss of prod uct ion ,  which are 
somewhat hard to quantify [ 1 3] .  
1.5. Air  Po l l uta nts 
I n  th is study,  fou r  pol lutants were mon itored which a re n itrogen d ioxide, 
su lfur d ioxide, ozone and ammonia .  The fol lowing part out l ines ,  i n  genera l ,  
sou rces of the  above mentioned pol lutants as  wel l as  their hea lth and 
environmental  im pacts . 
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1 .5 . 1 .  Nitrogen  d iox ide N02 
There a re severa l n i t rogen oxide compounds ,  but the most sig n if icant 
pol luta nts are n it rogen monoxide ( NO) and ni trogen d ioxide (N02) [8] . Ni trogen 
oxides a re h ig h ly react ive gases formed when n it rogen in fuel or combustion a i r  
is heated to temperatures a bove 650 °C in  the presence of oxygen , or  when 
bacteria in soi l  or water oxid ize n it rogen-conta in ing com pounds.  The in it ia l  
prod uct,  n it rogen monoxide (NO),  is oxid ized furt her in  the atmosphere to 
ni trogen d ioxide (N02) ,  which is a reddish b rown gas that gives photochemical 
smog its d ist inctive color. 
N i t rogen d ioxide is an important ind icator of air pol lut ion .  N 02 is wel l  
correlated with the concentrat ion of carbon monoxide, pa rt icu late, polycycl ic 
a romatic hyd rocarbons and  soot. Furthermore N02 is  the most toxic of the 
ni trogen oxides [14 ] .  
The major  source of  n i trogen oxides i s  the  com bustion o f  fuel especia l ly 
from transportat ion ,  electric power p lants a nd space heat ing .  
The adverse effects of exposu re to n i t rogen oxides include i rritat ion to the 
human respi ratory t ract and damage to pla nts [8 ] .  
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Most a nthropogenic n it rogen d ioxide production is strongly concentrated 
In urban and ind ustr ia l ized a reas and may create serious prob lems in those 
a reas . The tota l annua l  em issions of reactive n itrogen compounds into the a i r  a re 
about 230 mi l l ion metric tons worldwide. Anthropogenic sou rces account for 60% 
of these em issions.  About 95% of a l l  huma n-caused N02 in the U n ited States is 
produced by fuel combustion in transportat ion and electric power generation [ 1 2] .  
The major  sou rces of man-made NOx emissions a re h igh-temperature 
combustion processes such as those that occur in  automobi les a nd power plants. 
Home heaters a nd gas stoves can also prod uce substa nt ia l  amounts of N02 in 
indoor sett ings [9] .  
1 . 5. 1 . 1 . 2 .  Natural  sources 
On g loba l  scale, emissions of n it rogen oxides from natura l  sources far 
outweigh  those generated by human act ivit ies .  Natural  sources inc lude intrusion 
of stra tospheric n i t rogen oxides, bacteria l and volca nic act ion ,  a nd l ightn ing .  
Because natura l  emissions a re d istr ibuted over the ent i re s u rface of  the ea rth ,  
however, t he  res u lt ing background atmospheric concentrations a re very 
smal l  [ 1 5]. 
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I n  1 983 ,  the U n ited Nations Environment Program est imated that between 
20 - 90 mi l l ion tons per year of n itrogen oxides are released from natural sources 
(compared to around 24 mi l l ion tons are released from human sou rces 
worldwide) [ 1 2] .  
1 .5 . 1 . 2 .  Effects o f  n i trogen  d ioxide 
1.5 . 1 .2.1. On h u m a n  hea lth 
Nitrogen d ioxide is toxic to various a n imals as wel l  as to humans .  I ts 
toxicity relates to its ab i l ity to form n itric acid with water in the eye, lung ,  mucus 
membrane and sk in .  Studies of the hea lth impacts of N02 include experimental 
stud ies on an ima ls ,  contro l led laboratory stud ies on humans a nd observat ional  
stud ies . I n  a n ima ls ,  long-term exposure to nitrogen d ioxide increases 
susceptibi l ity to resp i ratory infect ions lowering their res istance to such d iseases 
as pneumonia and infl uenza . Laboratory stud ies show suscept ible h umans ,  such 
as asthmatics, exposed to h igh concentrat ions of N 02 ca n suffer lung irr itation 
and potent ia l ly ,  l ung damage. 
Epidem iolog ica l stud ies have a lso shown associat ions between N 02 
concentrations a nd da i ly morta l ity from resp i ratory and card iovascular causes 
and with hospita l adm issions for resp iratory condit ions.  Whi le resu lts from these 
types of stud ies a re not consistent, they may suggest adverse effects associated 
with N02 exposure at levels below the exist ing gu idel ine values [ 1 6] .  
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1. 5 .1.2 .2 . On vegetation 
I ncreased n itrogen inputs to terrestnal and wet land systems can lead to 
cha nges in  p lant  species composit ion and d ivers ity . S im i la rly, d i rect n i t rogen 
inputs to aquatic ecosystems such as those fou nd in  estuar ine and coastal 
waters can lead to eutroph ication (a cond it ion that promotes excess ive a lgae 
growth ,  which can lead to a severe depletion of d issolved oxygen and increased 
leve ls of toxins ha rmfu l  to aquatic l ife) .  Acid ificat ion of soi ls causes the loss of 
essent ia l  p lant  n utr ients a nd increased levels of solub le a lum inum that a re toxic 
to plants .  Acid ificat ion of su rface waters creates cond it ions of low pH and leve ls 
of a luminum that  a re toxic to fish and other aquatic orga n isms [9]. 
1 .5 . 1 .2 .3 . On mate ria ls 
Exposure to a h igh  level of N 02 may cause tarn ish ing of text i le ,  yel lowing 
of white fabric,  a nd oxidat ion of meta ls [8 ] .  
1.5 .2 .  S u lfu r  d i ox ide S02 
Su lfu r d ioxide is a colorless corrosive gas that is d i rectly damaging to both 
pla nts and a n ima ls .  In the atmosphere ,  su lfur d ioxide ca n be further oxid ized to 
sulfu r t rioxide (S03) ,  which reacts with water vapor or d issolves in water drop lets 
to form su lfuric acid ( H2S04) ,  a major  component of acid ra i n .  It can be tested in 
a i r  at 0 . 3- 1  ppm.  C lean a i r  includes 0 .2- 1 0  ppb.  Very sma l l  so l id pa rt icles or l iq u id 
d roplets can t ransport the acidic su lfate ion (SO/-) long d istances th rough the a i r  
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or deep in to the lungs where it is very damaging .  Su lfate pa rt icles and droplets 
red uce vis ib i l i ty in the Un i ted States as much as 80% [ 1 2] .  
1. 5.2.1 . Sources o f  s u lfu r d ioxide 
1.5 .2.1 .1. Anthro pogen ic  sources 
Anthropogen ic sou rces represent about two-th i rds of the tota l  su lfu r f lux,  
but in most u rban a reas they contribute as m uch as 90% of the su lfu r in the a ir. 
The p redominant  form of a nthropogenic su lfu r is su lfu r d ioxide (S02) from 
combustion of su lfu r-conta in ing fuel (coal a nd o i l ) ,  purif icat ion of sour (su lfur­
contain ing) natura l  gas o r  o i l ,  and industr ia l  p rocesses , such as smelting of 
su lfide ores [ 1 2] .  
Over 6 5 %  o f  S 02 released to the a i r, or  more than 1 3  m i l l ion tons per 
yea r ,  comes from electric ut i l it ies , especia l ly those b urn coa ls .  Other sources of 
S02 a re ind ustr ia l  faci l it ies that  derive their p roducts from raw materials l i ke 
meta l l ic ore, coa l ,  a nd crude o i l ,  or that burn coa l or o i l  to prod uce process heat . 
Examples a re petroleum refineries ,  cement manufactu r ing , a nd metal  p rocessing 
faci l it ies. Also,  locomotives , large sh ips a nd some non-road d iesel eq u ipment 
currently burn h igh  su lfu r fuel and release S02 emissions to the a i r  in la rge 
qua ntit ies [9]. 
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1 . 5.2. 1 .2. Natu ra l  sources 
Natural  sources of su lfu r d ioxide in the atmosphere include evaporat ion of 
sea spray, eros ion of su lfate-conta in ing dust from a rid soi ls ,  fumes from 
volcanoes and fumaroles , a nd biogen ic emissions of hyd rogen su lfide (H2S) and 
organIc su lfu r-conta in ing compounds, such as d imethylsulfide, methyl 
mercaptan ,  ca rbon d isu lfide, and carbonyl su lf ide. Tota l  yea rly em issions of 
su lfur oxides from a l l  sources amount to some 1 1 4 mi l l ion metr ic tons 
worldwide [12 ] .  
1 .5 .2.2. Effects of  su lfu r  d ioxide 
1 .5 .2.2.1. On h u man hea lth 
High concentrat ions of S02 can result i n  temporary b reath ing impai rment 
for ast hmatic ch ild ren a nd adu lts who a re active outdoors . Short-term exposu res 
of asthmatic ind ividua ls to elevated S02 levels du ring moderate activ ity may 
resu lt i n  breath ing d ifficu lt ies that ca n be accompanied by symptoms such as 
wheezing ,  chest t ightness ,  or  shortness of breath .  Other effects that have been 
associated with longer-term exposu res to h igh concentrations of S02, in  
conjunct ion wi th h igh  levels of PM,  include agg ravation of exist ing ca rdiovascu lar  
d isease, resp i ratory i l l ness ,  and a lterat ions in the lungs' defenses . S02 is a lso a 
major precu rsor to P M2.5 ,  which is a s ign ificant hea lth concern , and a main  
contr ibutor to poor vis ib i l ity [17] .  The odor threshold is a bout 0 .5  ppm a nd 6-10 
ppm ca uses i rr i tat ion of the eye, nose, a nd th roat .  Hence, S02 is commonly 
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associated with Increases In hospital ization and morta l ity rates from 
cardiorespiratory d isease. However, su lfu r oxides cou ld present a greater 
problem than other pol luta nts , beca use of their part icu lar deleterious effects in 
combinat ion with part icu lates and with other gases [8] .  
1.5.2.2.2. On vegetat ion 
Su lfu r d ioxide can damage many d i fferent types of vegetat ion . I ts effects 
increase du ring intens ive sun l ight ,  h igh  relat ive humid ity, moisture and moderate 
temperature. Also,  d u ring the growth season,  S02 produces two types of inj u ry 
on leaves , depend ing on the concentration a nd period of exposure. The acute 
exposure of S02 causes dead t issue on the marg ins of the leaves . On the other 
hand,  chron ic exposure, cause brownish-red or bleached wh ite a reas on the l imb 
of the leaf. However, the th reshold of plant inj u ry for S02 is a round 0 .3  ppm to 
0.8 ppm exposu re for 8 hours [8] .  
1.5.2.2 .3 .  On mater ia ls 
I ncreases in  su lfur d ioxide concentrat ions accelerate the corros ion of 
metals ,  p robably th rough the formation of acids .  Su lfur d ioxide may a lso damage 
stone, masonry ,  paint ,  var ious fibers , paper, leather a nd electrica l components 
[ 1 3]. However, many metals such as n ickel , steel , z inc ,  i ron and copper a re 
corrode by S02 especial ly at h igh relat ive humid ity (over 70%) [8] . 
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1 . 5 .3 .  Ozone (03) 
Ozone is a secondary pol lutant prod uced from movement of stratospheric 
ozone and photochemica l processes. I t  has an acrid , b it ing odor that is a 
d ist inctive characteristic of photochemica l smog . The d istr ibution of ozone in  the 
ozone layer ( 1 0  - 50 ki lometers above the earth 's surface) varies seasonal ly a nd 
with latitude. I n  the photochem ica l reactions, n i trogen oxide is the main sou rce of 
ozone. If hyd roca rbons a re present in the atmosphere, the n itr ic oxide wi l l  react 
with them lead ing to the accumulation of ozone. On the other hand ,  ozone and 
n itr ic oxide (NO) wou ld react to form n it rogen d ioxide ( N02) and oxygen (02) ,  
therefore, would not add to  the accumu lation of ozone. 
The formation of ozone photochemica l ly is favored by high solar l ight 
intensity, temperatu re, a nd high humid ity, which a re common-summer t ime 
condit ions-especial ly i n  the U .A E .  The dua l  requ i rement of n i trogen d ioxide p lus 
sun l ight  to prod uce ozone at g round level exp la ins why "ozone a lerts" a re more 
often b roadcast in  cit ies with heavy t raffic, and du ring the summer t ime, when 
su nshine is a bundant and strong.  The reported concentrations of ozone at 
ground- level a re commonly a round 1 00 ppb a nd on a severe occasion in 
southern England have been observed to be more than 250 ppb , with a 
background of ozone ranging between 20-50 ppb [8] .  03 is a strong oxidiz ing 
reagent . I t  damages vegetation ,  bu i ld ing materia ls such as pa int ,  rubber, a nd 
p lastics, and sensit ive t issues such as eyes and lungs [ 1 2] .  
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Ozone IS a colorless ,  odorless gas at ambient concentrat ions, and is a 
major component of smog. Ground- level ozone is not emitted d i rectly into the 
atmosphere. Ozone resu lts from chemica l react ions between volati le organ ic 
carbons (VOCs) and NOx in  the presence of sun l ight .  When these pol lutants 
bu i ld up to sufficiently h igh level, a chain reaction occu rs from their interaction 
with su n l ight in which n it rogen oxide is converted to n itrogen d ioxide a nd the later 
can absorb sun l ight and b reaks down oxygen molecu les into oxygen atoms that 
combine with the a i r-oxygen to p rod uce ozone. Ozone is a lso emitted from 
germicide lamps ,  copy machine, printers, weld ing and other ind ustr ial 
process [ 1 8 ) .  
1 .5 .3 . 1 .2 .  Natu ra l  sou rces 
Stratospheric ozone is a natura l ly-occu rr ing gas formed by the action of 
u ltraviolet ( UV) radiat ion on oxygen in the UV-C reg ion .  1 0% of the ozone in the 
atmosphere is  conta ined i n  the troposphere. Ozone occurs natura l ly at ground­
level in  low concentrat ions .  The two major sources of natura l  g round- level ozone 
a re hyd rocarbons ,  which a re released by p lants and so i l ,  and smal l  amou nts of 
stratospheric ozone, which occasiona l ly migrate down to the earth 's surface. 
Neither of these sources contributes enough ozone to be considered a threat to 
the hea lth of humans or the envi ronment [9) .  
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As a potent oxidant ,  ozone is extremely irritating to the respiratory system . 
It is capable of reacting with a va riety of extracel lu lar  a nd intracel lu lar 
biomolecules , and prod uces disruptive changes that may be measu red by 
a lterations in pu lmonary function .  I n  addition ,  ozone is less solu ble than other 
irritant gases . It can penetrate more effectively through the tracheobronchia l t ree 
to the pu lmonary regions of the respiratory system , inducing inj ury in resident 
lung cel is ,  and cau sing a n  influx  of inflammatory cells [ 1 7] .  Ozone is a high ly 
reactive gas that inj ures the epithelia l  su rfaces onto which they are adsorbed . 
Eye irritation by 03 occurs at concentrations a bout 0 .1- 0 . 1 5  ppm , with the 
intensity of eye irritation increasing progressively as  the concentration exceeds 
this va lue. On the other hand ,  exposure of hea lthy individ uals (including child ren) 
to relatively low 03 concentrations can cause lung inflammation ,  acutely 
decreased lung fu nction ,  a nd respiratory impairment .  Significa nt losses in l ung 
function a nd symptoms of cough and pain with deep breathing have been 
observed after p rolonged exposure to 03 concentrations at 0 . 1 2  ppm. Similar 
acute, reversib le changes in lung function have been observed in exercising 
children exposed to 0 .12 ppm of 03 [8] .  
When inha led ,  even at low levels , ozone can :  ca use acute respiratory 
prob lems such as shortness of breath ,  chest pain , wheezing ,  and coug hing; 
aggravate asthm a ;  ca use significant temporary decreases in lung capacity; 
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cause inflammat ion of lung t issue; lead to hospital admissions and emergency 
room visits; and impai r  the body's immune system defenses , mak ing people 
more suscept ib le to resp i ratory i l l ness ,  including b ronchit is and pneumonia .  
Repeated exposure to ozone pol lut ion for several months may ca use perma nent 
structura l  damage to the lungs [9 ) .  
Beca use ozone is usua l ly formed in  hot  weather ,  persons spend t ime 
outdoors in  the summer a re at r isk ,  part icu la rly ch i ldren , moderate exercisers a nd 
outdoor workers . Ch i ld ren a re at g reatest risk from exposure to ozone because 
their  resp i ratory systems a re st i l l  developing and a re more suscept ib le to 
envi ron mental  th reats.  Ch i ld ren a lso breathe more air per pound of body weight 
than ad ults ,  thus increas ing their  exposure. People with exist ing lung d isease, 
inc lud ing asthma ,  ch ron ic b ronchi t is ,  and emphysema ,  a re at part icu lar  r isk from 
h igh ozone levels . S ince they a l ready suffer from red uced ab i l ity to breathe, 
these ind ivid ua ls  a re often g reatly affected by the increased impai rment that ca n 
resu lt from exposu re to ozone [9 ) .  
1 .5 .3 .2 .2 .  On vegetat ion 
Ozone red uces the ab i l ity of  p la nts for prod ucing and  storing food , g rowth ,  
reprod uction and overa l l  p lant hea lth .  Ozone can cause acute and chronic i nj ury 
to  plants .  Low concentrat ions inh ib i t  p lant growth a nd h igher concentrat ions 
damage leaves [8] . 
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By weaken ing p lant's vegetat ion, ozone makes pla nts more susceptib le to 
d isease, pests and env i ronmental stresses . Ozone k i l ls  or  damages leaves so 
that they fa l l off too soon or become spotted or b rown , thus det ri menta l ly 
affect ing the natural  beauty of many a reas .  The effects of ozone on long-l ived 
species such as trees a re believed to add up over many yea rs so that the whole 
forests or ecosystems can be affected . Add it iona l ly ,  ozone has been shown to 
red uce agr icul tura l  y ields for many economical ly important crops such as 
soybeans ,  k id ney beans ,  wheat and cotton [9) .  
1 .5 .3 .2 .3 .  On mate ria ls 
Ozone is  a strong ox idant  compou nd which can have serious damag ing 
effects on many huma n-prod uced mater ia ls .  I t  can damage most forms of 
synthet ic materia ls .  With low level exposu re of only a few months,  ozone can 
cause cracks in  rubber and synthet ic rubber prod ucts; wi th cont in ued exposu re, i t  
can actua l ly cause tota l  d is integration .  Ozone damages the integ rity of  cotton ,  
acetate, nylon ,  polyester and other text i les . It has been known to bleach 
materia ls ,  dyes , pa ints and coat ings [ 1 3) .  
1 .5 .4.  Ammonia  N H3 
Ammonia is a colorless ,  corrosive, a lka l ine gas with a n  extremely pungent 
odor that ca n be detected at concentrat ions � 1 7  ppm . Ammonia in  the 
atmosp here is subject to gas-phase reaction with photochemical ly prod uced 
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hydroxyl (-OH) rad ica ls ,  n it ric acid to form ammonium n it rate particu late a nd with 
aerosols to form ammonium sa lts . Ammonia can a lso react with water molecu les 
in envi ronment d is rupt ing the pH of b iolog ical systems [ 1 9] .  
On depos it ion,  ammonia contributes to acid ificat ion of soi ls ,  reduct ion of 
species d iversity a nd eutroph icat ion in natura l ecosystems .  Depend ing upon the 
exposure ,  symptoms ca n range from mi ld upper respi ratory i rr itat ion to 
I nf lammatory processes of the ent i re respi ratory tract with compl ications of 
pu lmonary edema and b ronchopneumonia [20] . 
1 .5 .4. 1 .  Sources of a m m o n ia 
Ammonia ( N H3) is em itted to the atmosphere from a va riety of natura l  
processes and human activit ies. N H3 reacts with other pol luta nts i n  the 
atmosphere to p roduce secondary pa rticu late species , inc lud ing ammonium 
su lfates N H4HS04 a nd ( N H4hS04 a nd ammonium n itrate N H4N03 . 
1 . 5 .4. 1 . 1 .  Anthropogenic  sources 
Ag ricu l tura l  activ it ies ,  i n  pa rticu lar  an ima l  husbandry,  a re the dominant 
source of N H3 (9) emiss ions to the atmosphere,  form ing ::= 90% of the tota l  N H3 
prod uct ion in Western Eu rope a nd the US.  Pou ltry production can be a s ign ificant 
sou rce of N H3 (9) , with about one-ha lf of the tota l  emissions prod uced from 
housing a nd one-ha lf from land app l icat ion of waste l itter. The rates of N H3 (9) 
product ion and em ission from a part icu la r  agr icu l tura l  s ite a re dependent on 
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growing cond it ions (e .g .  d iet ,  venti lat ion regime) ,  waste hand l ing pract ices (e .g .  
frequency of  clea n-out ,  l itter amendments) a nd local meteorolog ica l condit ions 
(e.g.  temperatu re ,  humid ity and wind) .  Other anthropogenic sources of N H3 (9) 
inc lude motor veh icles, waste processing and ind ustria l  refrigeration.  Non­
agricultural sources , however,  a re d ifficult to qua ntify due to the la rge number of 
sou rces ,  both fixed and mobi le ,  and the lack of rel iab le em ission data u nder 
" rea l-world " condi t ions [20] .  
1 .5 .4. 1 .2 .  Natu ra l  sources 
Ammonia is formed natura l ly by the decomposit ion of u rine ,  manure ,  a nd 
dead organ isms .  I t  has been observed in  outer space and ga lactic dust 
clouds [ 1 9] .  
1 .5 .4. 2 .  Effects o f  a m mo n ia 
The US-EPA a nd E nv i ronmental  Agency of Abu Dhab i  do not regu late 
ammonia as a criteria pol luta nt ,  but it is mon itored as an E S L  (Effects Screen ing 
Levels) chem ica l .  E S Ls a re further d ivided into short term and  long term . Short 
term ind icates a one-hour  averag ing period , and long term ind icates an ann ua l  
averaging period . 
1 . 5.4.2 . 1 .  On h u m a n  hea lth 
Ammonia forms a strong a lka l ine solut ion when inha led which makes it 
i rr itat ing to the upper resp i ratory system. Exposure to ammon ia can occur not 
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only from the vapor but a lso from the l iqu id and from concentrated aqueous 
solut ions Depend ing upon the exposure symptoms can range from mild upper 
respiratory i rr i tat ion to inflammatory processes of the ent i re respi ratory t ract with 
compl ications of pu lmonary edema a nd bronchopneumonia . Symptoms may a lso 
include hoarseness and tightness in the throat . Brief exposure to 1 00 ppm 
Increases nasal air flow res istance, possib ly from vascu lar  congestion , edema 
and increased m ucus secret ion .  M i ld i rr itation of the eyes, nose a nd th roat is 
produced by 50 ppm but not by 25 ppm.  Accl imation appears to develop to 50 
ppm with in one week and to 1 00 ppm with in  2 to 3 weeks of repeated 
exposure [8] . 
1 .5 .4.2 . 2 .  On vegetat ion 
Atmospheric a mmonia deposit ion a lters the species composit ion a nd 
b iod iversity of the ecosystems a nd causes acid ificat ion and eut rophication of 
soi ls as wel l  as leaching of n itrogen to surface a nd g round waters. The transport 
of n itrogen to rivers and seas ca uses eutroph ication ,  v is ib le p redomina ntly as 
a lgae format ion .  Acid ify ing deposit ion from ammonium reduces the pH of soi ls 
and waters affected a nd ca uses leaching of a lum inum,  threaten ing the vita l ity of 
forests and fish stocks [ 1 9] .  
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1 .5.4.2 .3 .  On materia ls 
Ammonia gas is commonly found in an imal  hous ing . Ammonia is released 
from manure and u rine ,  especia l ly during storage a nd decomposit ion .  Experience 
showed that meta l equipment and structural  components u ndergo very h igh 
corrosion rates in  an imal  fa rms. There are many potent ia l  sou rces of corrosion in  
an imal fa rms inc lud ing moisture ,  gases dust ,  and microorgan isms.  However ,  one 
of the b iggest concerns is whether the h igh  leve l of aerial ammonia In 
combinat ion with the high level of moisture is rap id ly deteriorating metals In 
an imal fa rms .  Beca use of the complex environment in  an ima l  fa rms ,  it is v i rtua l ly 
imposs ible to separate a l l  sources of corrosion in  a field test in  order to determ ine 
the contr ibut ion of each source to the overal l  corros ion.  Therefore ,  i t  is pert inent 
to conduct control led laboratory stud ies which wou ld a l low a closer examinat ion 
of the ind ivid ua l  factors [2 1 ] . 
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1.6. Air Mon itorin g 
Air mon itor ing is defined as the use of d i rect-read ing instruments and 
other monitor ing equ ipments and techn iques that provide instantaneous ( real­
t ime) data on the levels of a i rborne contaminants [8 ] .  
Monitor ing process consists of  two steps ,  sampl ing process and ana lysis 
process. Cont in uous mon itor ing involves measur ing the concentrat ion of the 
pol lutants in  the amb ient a i r  d i rectly over certa in period . 
1 .6 . 1 .  Sa m p l i n g  p roced u res 
The pr inc ipa l  objective of sampl ing is to col lect contaminants for 
subsequent ana lys is or  rea l-t ime measu rements . Both req u i re a system whereby 
gases or particles a re d rawn to the su rface of a col lect ing med ium or into a 
sensing device . These functions a re accompl ished by sampl ing t ra ins which may 
inc lude a vacuum pump ,  f low reg u lator a nd a col lect ing device or  sensing un it .  
Sampl ing tra ins  for gases may a lso ut i l ize fi lters to prevent  l iqu id or  so l id  partic les 
from entering the col lection u n it [22] .  
The concentrat ion of atmospheric pol lutants va nes with both sampl ing 
t ime and posit ion in  the air  mass.  Sampl ing involves choices of where ,  when and 
how often to sample ,  a nd how many samples to be taken.  The choice of 
sampl ing system is part icu la rly important for atmospheric samples ,  as  it may 
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affect not on ly the re l iab i l ity of the ana lysis but a lso inf luence the information that 
can be obtained from the measurements [23] .  
The two commonly sampl ing systems used a re extract ive sampl ing and in  
-situ mon itoring .  
1 .6 . 1 . 1 .  Extractive sa m pl i n g  
I t  inc ludes methods where the a i r  sample i s  taken through an ana lyzer, o r  
col lected in vessels o r  bags for s ubsequent laboratory ana lysis .  The sampl ing 
may be active or passive . In  active sampl ing ,  the a i r  is pumped or d rawn through 
the device In passive sampl ing ,  sampl ing occurs by d iffusion to a n  a bsorber 
which se lectively col lects the target gases. 
1 .6 . 1 .2 .  In s i tu m o n itori n g  
Sensors or  ana lyzers used for i n  s i tu cont in uous local determ ination of 
pol lutant concentrat ions .  Many spectrometric techn iq ues ,  includ ing Different ia l  
Opt ica l Absorpt ion Spectroscopy (DOAS) ,  Tunab le D iode Laser (TDL) and Laser 
Imaging Detection and Ranging ( L 1 DAR) a re su itab le for in  s itu monitor ing [23] .  
1 .6 . 2 .  Pass ive s a m pl i n g  
Pass ive sampl ing i s  a type of extractive sampl ing . I t  involves tak ing 
samples of gas or vapor pol l utants from the atmosphere at a rate control led by a 
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physical p rocess such as d iffusion through a static a i r  layer or permeation 
through a membrane.  Th is process does not involve act ive movement of the a i r  
th rough the sampler  [24 ] .  The pass ive samplers , commonly cal led sampler or  
dos imeter ,  g ive average a i r  concentrat ions with cont inuous t ime coverage from a 
few days up to a month .  Passive sampl ing method is characterized by its low 
cost, low techn ica l demand as wel l  as exped iency for monitor ing many pol luted 
locations [25] . 
Pass ive samplers have been used in  atmospheric chemistry studies to: 
a)  increase the spatial resolut ion of measurements ; b)  add species coverage to 
existing measu rement s ites ;  c) add gas-phase measu rement to precipitat ion 
measurement s ites ; d )  eva luate mon itoring s ite locat ions in  screen ing studies; 
and e) a id measurement programs by provid ing a means to increase data 
completion (e .g . ,  to help keep time series complete du ring  active instrument 
downtimes) [26] .  
The use of pass ive samp lers as  a possib le techn ique for p re l im inary 
assessment of a i r  q ua l ity in  u rban a reas is wel l  estab l i shed in  E u rope a nd it has 
a lso been recommended by the Eu ropea n Un ion in  techn ica l  reports re lated to 
pre l imin a ry assessments [27] . 
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1 .6 . 2 . 1 .  Princ iple of operation 
The operat ing pr incip le of passive samplers is based on the movement of 
contam inant molecu les across a concentration g radient .  S imply,  the a irborne 
contaminants d iffuse from an a rea of higher concentrat ion in the workplace 
environment to a n  a rea of lower or zero concentration in  the collection device. 
Accord ing to F ick's law of d iffus ion,  the qua ntity of d iffused gas pol lutant is 
rep resented by the fol lowing formula ( 1 ) : 
Q = 0 (AIL) C t ( 1  ) 
Where :  
Q= amount  col lected ( ng)  
D= d iffus ion coefficient (cm
2
/s) 
A= cross-sect iona l  a rea of the d iffusion path (cm
2
) 
L= d iffus ive path length (cm) 
C= ana lyte concent rat ion (ppm) 
t= sampl ing t ime (m in )  
The d iffus ion coeffic ient (0) i s  specific to  the contam inant  be ing  sampled . 
Each contam inant has  its own d iffusion coeffic ient determined by its u n ique 
chemical a nd physica l p ropert ies .  The para meter (AIL) is specific to the sampl ing 
device and is determ ined by the sampler's geometry. The prod uct of O(AlL) is the 
theoretica l sampl ing or  uptake rate of the d iffus ive sampler for a specific 
compound [28] .  
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Turbu lent tra nsfer caused by wind incursion into open-ended tube of the 
sampler ca n cause overestimates of the gas concentrat ions by as much as 30%. 
However,  ca re in  p lacement a nd p rotect ion of the samplers,  to min im ize their  
d ifferent ia l  exposu re to the wind ,  wi l l  min imize the problem . The increased 
bounda ry layer res istance u nder low wind speeds may also cause 
underest imates of pol lutant  gas concentrat ions, especia l ly with badge sample rs ,  
in which a n  increased boundary layer in st i l l  cond it ions contributes a greater 
proport ion to the tota l  d iffusion length to the a bsorbent .  Membranes or baffles 
used at the sampler  i n let red uce turbulent tra nsfer of the pol lutant to the 
absorbent, a l lowing shorter d iffusion lengths,  characterist ic of the badge-type 
samplers . 
Laboratory a nd field ca l ib rat ions of passIve sample rs a re needed for 
opt imiz ing sampler configurat ion and determinat ion of their  saturation l imits .  
Such tests a re a lso used for development of empirical  formu las  for calculat ion of 
pol luta nt concentrat ions and for the determinat ion of sampler  sensit ivity. 
Select ion of a bsorbent is based on m in im izat ion of potent ia l  i nterferences by 
reactive gases and environmental  factors , which may vary between sampl ing 
locat ions .  Cons iderat ions of sampler configu rat ion to be used a re based on the 
min imizat ion of res idence t ime of a ny inter- reactive gases with in  the sampler .  
Pass ive samplers a re genera l ly protected from the ra I n ,  sun ,  and 
mechan ica l da mage d u ring fie ld dep loyment by a shelter of various designs.  
They provide a point of attachment to the mon itoring s ite (pole,  ut i l ity post or  
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tree), and can be a s imple flat shelter u nder which the sampler  is attached . 
Recently ,  however, more attention has been paid to the shelter. The shelter used 
is an inverted tub or p ipe cap with the sample rs mou nted inside with their i n lets 
close to the bottom l ip ;  they may hold one or a few samplers of various designs .  
Some have been fitted with a baffle at the opening to reduce turbu lence [29] .  In  
recent years ,  there have been a number of  in it iat ives to experimenta l ly verify the 
sampl ing or uptake rates in a test ing laboratory a nd val idate the performance of 
the sampler u nder  var ious envi ronmental cond it ions. This provided a more 
rel iab le assessment of the overa l l  accu racy and precision of the sampl ing device. 
1 .6 .2 .2 .  Adva n tages of pass ive sam plers 
Passive sampl ing is cha racterized by being s imple to perform , does not 
requ i re further sample preparation t reatment after the isolat ion and/or enrichment 
step and sample's decomposit ion du ring tra nsport and storage is neg l ig ib le .  
Since passive samplers a re smal l ,  s i lent ,  l ight ,  re l iab le a nd do not  requ i re 
electricity , the i r  exposu re s ites can be relat ively flexib le .  They can be used 
indoors or outdoors in a rctic to t ropica l  cond it ions,  in rura l  to u rban environments .  
Techn ica l ly sk i l led person ne l  a re not req u i red at the sampl ing site s ince the 
samplers a re easy to be hand led and no field ca l ibration is needed [30] .  S ince 
treatment of samp les col lected by pass ive or  dynamic sampl ing/extraction is 
a lmost the same,  the use of passive dos imetry s imp l ifies the ana lytica l p roced ure 
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at the most crit ical step, sampl ing ,  without subseq uently in t roducing any further 
inconven iences. 
The pr incipal  advantage of passive sampl ing is that only one device is 
necessary at a g iven sampl ing location for the du rat ion of sampl ing process.  I n  
grab sampl ing . where the sample represents the cond it ions a t  the sampl ing site 
at a given t ime,  the number of sa mples col lected over sampl ing t ime can be la rge 
if the same t ime-averaged information is to be obta ined . Because only a few 
ana lyses are necessary over the mon itoring period , ana lyt ical  costs can be 
red uced substant ia l ly .  
Other possible adva ntageous propert ies wh ich should be considered a re 
the ca pacity to withstand a n  indefin ite storage t ime before ana lysis without 
change i n  the concentrat ion of compounds sampled , and the ab i l ity to su rvive 
sample p reconcentrat ion or extract ion to increase the sensit ivity of the ana lysis 
or to enhance the amount  of information obtained from the d ifferent tech n iques 
used for ana lysis [28] .  
1 .6 .2 .3 .  Disa dva ntages of pass ive sam plers 
Passive sampl ing has few d isadvantages ; one is the relatively low 
sampl i ng rate which necessitates long sampl ing t imes at low concentrations.  Th is 
fea ture can ,  however ,  a lso be viewed as an advantage of the technique,  because 
it makes it easy to determi ne t ime-weig hted average (TWA) concent rat ions of the 
ana lytes. I n  the overa l l  assessment of the impact of a pol lutant on the 
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environment,  TWA concentrations a re more usefu l than short-term 
concentrat ions,  because they reflect the long-term action of these compounds.  
Factors affecting the ana lyt ica l resu lt obta ined by app l ication of pass ive 
sampl ing i nclude the detect ion l imi t ,  environmenta l condit ions such as 
temperatu re ,  humid ity, a i r  velocity, etc. The l imit of detect ion obtained by pass ive 
sampl ing is a fu nct ion of the sampl ing rate,  the sampl ing t ime,  b lank values of 
unexposed sam plers ,  reprod ucib i l ity, the sensit ivity of the detector used , and the 
selectivity of the appl ied column [28] .  
1 .6 .2 .4.  Types of pass ive samplers 
Pass ive samplers ,  either d iffus ive or  permeation ,  a re ,  i n  pr incip le,  
p repared as tubes or boxes (badges) . These two main designs a re the basis of 
a l l  further mod ificat ions,  which a re performed to improve efficiency, reduce 
sensitivity to a i r  mass fl uctuat ions,  and s impl ify ana lyte desorption .  Tube-type 
samplers a re usua l ly characterized by a long,  ax ia l  d iffus ion path length a nd a 
low cross-sect ional  a rea ;  th is resu lts in  relat ively low sampl ing rates. For badge­
type samplers , which have a shorter d iffus ion path length a nd a g reater cross­
sectional  a rea ,  uptake rates a re h igher .  
Several des igns of passive sampler used to mon itor a i r  qua l ity have been 
extensively descr ibed [28]. F igure 1 .2 shows d ifferent examples of passive 
samplers' configu rat ions .  
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I n  our study, IVL passive samplers were used for monitoring n itrogen 
d ioxide and su lfu r d ioxide whereas OGAWA passive samplers were used for 
monitoring ozone a nd a mmonia .  
b 
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Fig .  1 . 2 :  Examples of  different sampler configurat ions: 
(a) open-ended diffusion tube. 
(b)  shorter d iffusion tube with d iffusion membrane at opening . 
(c) badge-type with d iffusion membrane at opening . 
(d) double-ended badge with baffles at opening .  
(e)  cyl indrical badge wi th tubular d iffusion membrane. 
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1 .6 .2 .4 . 1 .  IVL pass ive sampler 
This sampler was developed by Mert i n  Ferm at the Swed ish 
Environmental Resea rch I nstitute ( IVL) [30] .  As shown in  F igure 1 . 3 ,  it consists of 
bottom led , impregnat ion fi l ter, passive sampler  tube,  Teflon fi l ter, steel net a nd 
front led. The Ferm-type sampler  is a development of the orig ina l  Palm's tube to 
provide increased sens it ivity by reducing the tube length from 7 1  to 1 0  mm,  a nd 
decreas ing the response to atmospheric tu rbu lent transport by capping the tube 
with a porous mem bra ne to ensure a wel l-defined stag nant interna l  d iffus ion 
length free from intrus ion by turbu lent eddies. A th in  sta in less-steel mesh was 
a lso added to provide mechan ica l p rotect ion for the membra ne [3 1 ] . 
IVL is  man ufactur ing the bottom led in  d ifferent color to help 
dist ingu ish ing between the gases ( b lue for N02 a nd red for S02) . The front of the 
sampler conta ins a stee l net and Teflon membrane f i l ter ( M i l l ipore membrane 
fi l ters with pore s ize 1 . 0 I-lm and a d iameter of 25  mm) .  These a re used to 
prevent turbu lence inside the sampler and the collect ion of pa rt icles to faci l itate 
lamina r  d iffus ion in the ins ide of the sampler tube,  which is necessary for F ick's 
law of d iffus ion to app ly .  The impregnat ing f i l ter is a Whatman 40  paper f i l ter with 
24 mm d iameter which is p laced in  the bottom led after impregnated [32] .  
The IVL pass ive sampler has been designed to avoid outdoors/indoors 
wind effects (starvation effects ) ,  with in-tube chem istry, temperature a nd h um id i ty 
effects , interferences and losses du ring storage. Th is sampler  was thorough ly 
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tested and verified aga inst estab l ished measurement techn iques. Resea rch a nd 
development efforts a re cont inua l ly assessing the technique [30] . 
• Front l e d  
• S t e e l  n e t  
c_: _�. ::;:::, _. - T efl on rllter 
P a s sive s ampler tub e  
Impre gnation rllter 
4 B o ttom l e d  
F ig .  1 . 3: Components of the IVL passive sampler 
1 .6 .2 .4 .2 .  OGAWA passive sampler  
OGAWA passive sampler is man ufactu red by Ogawa , U SA,  ( F igu re 1 .4 ) .  I t  
consists of  a sol id Teflon cyl inder with two open ,  but unconnected sides. Each 
s ide contains a n  impreg nat ing (ce l lu lose) f i l ter which mou nted between two 
sta in less steel screens (0 . 1 52 cm
2 
open a rea , 0 . 02 cm th ick) ,  a nd s i tuated 
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beh ind a diffus ion-barr ier end cap conta in ing 25 holes (0 .785 cm
2 
open area .  0 .6  
cm thick) [20] .  
Key features of the sampler have been patented by Ogawa as the resu l t  of 
extensive field measurements. Extensive characterization by U . S .  Environmenta l  
Protect ion Agency and the Harvard School of Pub l ic Health has shown excel lent  
comparab i l ity between resu lts from the Ogawa Pass ive Sampler a nd averaged 
measurements from cont inuous gas ana lyzers [33] .  
Fig. 1 . 4 :  Components of  the Ogawa Passive Sampler. The sampler body (6) is 2 cm 
(outer d iameter) 3 cm ( length) and has two independent cavities ( 1 . 4  cm inner d iameter) 
each conta in ing a diffus ive barrier end-cap ( 1 ) , a reactive fi lter (3) between an inner and 
outer sta in less steel screen (2) .  and a retainer ring (4) over a base pad (5 ) .  
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2 . 1 .  Determ i na t i o n ' s  Methods of A i r  Po l l uta n ts 
Many methods have been used for the determ inat ion of a i r  pol lutants in  
atmosphere Th is  part reviews d i fferent methods used for determin ing each of  
our investigated four  pol l utants. 
2.1.1. N itrogen d iox ide 
The standard reference method used worldwide is based on absorbing 
nitrogen d ioxide In  a su i table solution to convert it i nto n itr ite, fol lowed by the 
determinat ion of nitr i te [34-39], through a diazo coupl ing reaction and 
spectrophotometric measurement [34] .  Methods based on n itr ite coupl ing with 
azo dyes suffer from poor sensit ivity and need to extract the azo dyes formed 
to improve the detection l im its [35 , 36] . 
A chemi luminescence (CL) method was used to determ ine the content 
of the nitrogen d ioxide in  air with high sens itivity a nd wide dynamic range. The 
method was based on gas-phase chemi luminescence detection fol lowing 
cata lyt ic or photolytic reduction of N02 to NO which reacts with ozone 
fol lowed by chemi lumi nescence detection [40] . A concentration below 1 �g/m3 
was determined with h igh selectivity. 
Another widely employed method for N02 determ inat ion i s  the 
chemi luminescence reaction between gaseous N02 a nd lumino l ,  which is 
capable to detect low ppt levels with ozone being the only re levant interfer ing 
compound [4 1 ] . In the gas-l iquid interface chem i lum inescence method ,  a new 
nitric oxide detector was developed for the ana lysis of exhaled breath [42] . 
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Uti l izat ion of chemi luminescence aerosol detector to detect atmospheric N02 
IS used to e l im inate the gaseous co-pollutants by means of modification of the 
lumlnol solut ion of various complexion and surfactants [43] .  Other 
chemi luminescence sensors have investigated for n i trogen dioxide; the best 
results were obta ined with water lock super absorbing polymer (hydrogel )  
incorporat ing lum inol a nd C u ( I I )  [44) .  
Recently, in  s i tu laser- induced fluorescence detect ion for N02 was 
reported which showed advantages [45] .  but the h igh-cost could prevent it 
from current monitor ing use. However, meta l phtha l ocyan ines compounds 
have been reported for developi ng suitable sensors for gas phase NOx 
detection [46,47) . 
E lectrochemical  method was used a lso for the determinat ion of N02, 
but it suffers from the complicated preparation process of the electrodes and 
low sensit iv i ty (48) .  Sol id-state electrochemical sensors based on sod ium 
superion ic conductor were used for the d i rect measurement of N02 i n  industry 
[49) .  Laser- induced fluorescence techn ique was used for the d i rect 
measurement of N02 in the a tmosphere [50) . 
Several passive sampl ing methods for N02 determ inat ion have been 
a lso reported [5 1 -57 ) .  The passive sampl ing methods a re s imple and less 
expensive. 
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2.1.2. Sulfur d iox ide  
Sulfur d ioxide I S  the most common sulfur pol l utant species in  a i r. 
Therefore, monitoring of su lfur d ioxide in  a i r  is of spec ia l  importance for 
pol lut ion control a nd efforts to develop methods a nd sensors for SOz analys is 
are cont inued . 
Several ana lyt ica l techniques were developed for the detection of su lfur 
dioxide, inc lud ing spectrophotometry [58, 59] , chem i luminescence [60-62] , ion 
chromatography [63-65] , spectrofluorometry [66] a nd potent iometry [67] .  
For pol lut ion control , however, sensors a re frequently preferred , as 
they permit continuous ,  rea l-t ime monitoring .  Therefore variety of  optical and 
e lectrochemical  sensors has been developed for su lfur d ioxide determination .  
Among e lectrochemical  sensors , those based on amperometric detection ,  
which employs chemica l ly  modified electrodes,  are proba bly the most popular  
ones [68-7 1 ] . Qua rtz crysta l m icrobalances have been a lso employed for 
developing SOz sensors ,  by using a selective coati ng cast on the surface of a 
piezoelectric crystal  [ 72 , 73] .  Despite their se lectiv i ty a nd detectab i l i ty, these 
kinds of sensors a re prone to e lectronic and e lectromag netic i nterferences , 
which do not in fluence optical sensors. 
Compared to natural water a nd soi l  ana lyzers, atmospheric trace gas 
ana lyses mostly requi re on-si te determination beca use of fl uctuations in  the 
concentrat ion levels a nd d i fficult ies with sa mple storage and the sta bi l i ty of 
stored samples .  Several methods h ave been reported for on- l ine 
determinat ion of SOz in  the a i r  by on-s i te col lection of SOz with a 
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chromatomembrane cell [74] or a gas permeation denuder [75,76] and 
spectrophotometric determ inat ion by flow Injection ana lys is .  I n  these methods ,  
the g a s  is col lected by active sampl ing ,  uSing a pump. 
Compared to active sampl ing ,  passive sampl ing i s  s impler because i t  
does not need a pump, and the gas i s  a bsorbed by its d iffusion. A passive 
sampler was successfu l ly used in  a persona l/environmental exposure study 
and In  indoor/outdoor a i r  pol lut ion monitor ing [64] .  
2.1.3.  Ozone 
Ozone concentrat ion i n  ambient a i r  has been measured by d ifferent  
methods for more than 1 00 years. Methods based on spectroscopy , 
chemi luminescene a nd chemical  procedures were reported [77 ] .  U ltraviolet 
absorption a nd sometimes gas phase chemi luminescence methods are used 
exclusively in the in ternat iona l  monitoring networks [78] .  
D irect determ inat ion of ozone in  the gas-phase i n  ppb and ppm ranges 
using sensors based on  semiconducting oxide fi lms was reported [79-83]. An 
amperometric detector for atmospheric ozone which employs absorption into 
a l iqu id  electrolyte phase pr ior to electrochemical  red uction was used [84] .  
Conventiona l  amperometric gas  sensors are genera l l y  based on a porous 
poly(tetrafluoroethylene) with work ing electrodes deposited on the backside 
and in contact with an i nternal e lectrolyte solut ion . A d i fferent electrode 
arrangement is based on ion-exchange membranes (a lso termed sol id­
polymer e lectrolyte (SPE )  membranes) wh ich serves as extension of the l iqu id 
49 
hapter I I :  Literature rev iew 
electrolyte phase and bears an electrode on the front s ide, which is d i rectly 
exposed to the sample gas [85, 86] 
Passive sampl ing methods were also used because of its s impl icity, 
less expensive, no power or pump are required, widely used for exposure 
points a nd sui table for s imulta neous a nd mult ipoint measurements of a i r  
pol l utant [87 ] .  
2.1.4. Amm o n i a  
Ammonia determ ination is com monly performed by  colorimetric 
methods using Nessler reagent [88] or i ndophenol blue [89 ,90] .  Methods 
based on ion-selective electrode [9 1 ] , ion chromatography [92] . 
chemi luminescence [93] , fi l tration packs [94 ] ,  denuders [95] , gas scrubbers 
[96] .  spectrophotometry [97 , 98] , monitoring tape [99] and remote detection of 
gaseous ammonia using near infra red transmission [ 1 00] , were a lso reported. 
However, colorimetric methods using Nessler reagent or i ndophenol 
blue with mercury or  cyanide have problems with rega rd to waste l iqu id .  The 
ion-selective electrode methods cannot d iscriminate between ammonia and 
amines. I n  add it ion , other types of sensors used for d i rect read ing of ammonia 
in the atmosphere include the bi layer l ipid membrane sensor [ 1 0 1 ] . gas­
sensitive sem iconductor capacitor [ 1 02] , fiber-optic fl uorescing sensor [ 1 03-
1 05] .  gas-sensit ive electrode [ 1 06- 1 08] ,  bu lk acoustic wave sensor [ 1 09] ,  
amperometric sensors [ 1 1 0] ,  a wireless, remote query sensor [ 1 1 1 ] , and 
colorimetric sensors [ 1 1 2] .  
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As for the col lection of ammonia In  a i r, impingers, bubbler, chemical 
f i l ters and d i ffusion scrubbers were Widely used . 
2 . 2 .  Pass i ve Sa m p l i n g  
The fi rst use of passive exposure o f  "test papers" impregnated with 
potassium iodide to measure ground-level ozone was in 1 853 .  Passive 
sampl ing in the occupat ional environment dates back at  least to the 1 930s 
when qua l i tat ive devices were described , but the first serious attempt to apply 
science to quantitat ive passive sampl ing was in  1 973  when Palmes described 
a tube-form sampler for sulfur d ioxide [28] .  S ince then , a wide variety of 
samplers have been described, some rely ing on d i ffusion through an a i r-gap, 
some relying on permeat ion through a membrane and some others using both 
techniques,  for the rate-control l ing process in sampl ing [ 1 1 3] .  Many of these 
devices are commercia l ly avai lable .  For example,  in 1 99 1 , Ferm developed at  
IVL a d i ffus ional  passive sampler conta ins a th in  porous membrane fi lter 
covers the i n let to avoid turbulent d i ffusion ins ide the sampler. In addit ion,  in 
1 993, OGAWA passive (badge-type) sampler was used commercia l ly for the 
determinat ion of ozone in the atmosphere [28] .  
Palmes' orig ina l  development of a passive sampler was for S02 and 
took the form of a squat cyl inder with a tube inserted as  the d i ffusion barrier 
and a l iquid sorbent as the col lection conta inment of the element, in th is case 
reagent-coated g lass f iber fi lter paper [ 1 1 4] .  T riethanolam ine (TEA) has been 
used as the reagent for n itrogen d ioxide. N02 is trapped as ni trate ion and is 
measured spectrophotometrica l ly after reduction to n i tr ite and reaction with 
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sulphan l lamlde and naphthylethylenediamine. Sampl ing rates were h igh ,  
enabl i ng measurements of ambient a i r  qua l ity over relatively short t ime 
periods [ 1 1 3] 
2.3 .  M o n itor i ng of A i r  P o l l uta n ts by Passive Sam pl i ng Method 
2.3 .1 . N it rogen d iox ide 
The most commonly used absorbent s ink for N02 is triethanolamine 
(TEA) where the gas i s  converted to n i trite ions.  TEA has been used in  open 
diffusion tubes or in membrane-covered badges. The un ique problem 
associated with this passive sampler ;  is  the chemical reaction occurs between 
ozone (03) a nd n i tric oxide (NO) ,  result ing in n i trogen d ioxide ( N02) in varying 
amounts both spatia l ly and tempora l ly .  This reaction produces N02 within the 
diffusion tube and can lead to an  overestimate of up to 30%, especia l ly at 
roadsides where n i tric oxide concentrations are re latively h igh and sufficient 
ozone is present .  To reduce this effect, the residency t ime with in  the tube 
should be reduced using shorter badge-type samplers. I n terference by (S02) 
leads to acid ify ing the TEA reagent and reducing col lection efficiency. L imit ing 
exposure of the sampler to 1 or 2 weeks can reduce i nterference by S02 , and 
red uce suspected loss of N02 due to photodegradat ion of TEA in  bright 
condit ions [ 1 1 4] .  
Potass ium iodide (K I )  h a s  also been used for impregnat ing passive 
samplers for N02 in  conjunction with sod ium hydroxide (NaOH)  to mainta in  
high surface a lka l i n i ty o f  the  reagent surface, required for long-term exposure. 
A 1 % Sod ium carbonate (Na2C03) and g lycerine-im pregnated fi lter paper 
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have also been used In  a badge-type sampler with f ine sta inless mesh 
diffus ion membranes for sampl ing both N02 and NOx. A new col lection 
medium has been developed by Maxxam Analytics I nc . for their badge-type 
sampler and was reported as a quanti tative a l i-season sampler. Examples of 
absorbents with passive sampler configurations used for field appl ications for 
N02 are summarized In  Table 2 1 [29] .  
Table 2 . 1 . : S o m e  passive samplers and their a b sorbents used for meas uring N 02 
S a m pler type Absor bent 
Palmes-type d i ffusion tube Triethano lamine 
Blatter d iffusion tube Not reported 
Ferm Badge K I/NaAs02 , N a I/NaOH 
Wi l iems badge Na l/NaOH 
CEH ALPHA U nder test 
� � - � � - - - . - - - - - - - - - - - - - . .  - - - - . - - - . . .  - . . .  - _ .  - - . - - - - - - - - - . - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ogawa badge Triethanolamine 
- - - . - . - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - . - - - - .  - - - - - .  � - - - - - - _ .  - - . - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - -
CSPSS badge C H E M I X™ 
Radie l io  Rad ia l  symmetry sampler Triethanolam ine 
Krochmal badge Triethanolam ine 
- - - - - - - - - - - - - - - - - - - - _ . . - - - - - - _ .  - - - - - - - - - - - - _ .  - - . - - - - - _ .  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Ya nag isawa badge Triethanolam ine 
2.3.2.  S u l fur d io x i d e  
The first passive sampler used to  monitor S02 dates back to  1 945 i n  
UK ,  based on  using lead peroxide candles. Th i s  method was approved by  the 
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American Society for Testing and Matenals. The candles were sheltered from 
ra in  a nd h igh wind speeds ins ide a louvered box This method was refined 
with the configurat ion of a smal l  i nverted plastic Petri d ish that held a g lass 
fiber fi l ter layered with lead peroxide. This configuration was known as the 
"Huey Sulphation Plate",  and was the equivalent of the badge type sampler, 
but without a d i ffusion membrane [29] .  
Other absorbents used for the passive sampl ing of S02 were sodium 
tetrachloromercurate solution ( Na2HgCI4) in  a permeation device, potassium 
carbonate ( K2C03) as a candle or badge, triethanolamine (TEA) in  a d i ffusion 
tube or  badge and sod ium hydroxide- impregnated fi l ter paper in  a badge-type 
sampler [29] . The sorbent used in the Palmes' orig ina l  S02 sampler was 
mercury ( I I )  chloride solut ion. The colorimetric determ ination of S02 by 
complexing with mercury ( I I )  chloride is commonly known as the WesUGaeke 
procedure. Reiszner and West have described a s im i la r  device using a l iquid 
collection element ,  but i ncorporat ing a s i l icone membrane as a permeation 
barr ier rather than an  a i r  gap as purely d iffusive barrier [ 1 1 3] .  
K i l l ick eva luated the  West badge for ambient S02 ,  measurement i n  
laboratory tests with sampl ing over 1 - 1 9  days.  He found general ly good 
agreement with a cont inuous conductiometric instrument.  In 75% of tests , the 
ratio of badge to i nstrument was between 0 .80 and 1 . 1 7 . More recent papers, 
however, have returned to the Palmes'  tube for monitoring ambient air [ 1 1 5] .  
Or r  has mod i fied the  West badge to  incorporate a porous (d i ffus ion­
l im ited) membrane rather than a s i l icone one and a potassium carbonate / 
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glycerol impregnated fi lter rather than an absorption solution . The modified 
badge had a h igher col lection rate but also greater dependence on a i r  
veloci ty .  To gam h igher  sensitiv i ty ,  Scheeren et a l  have used a short circu lar  
badge to the design done by Wi l lems and i nvestigated both TEA and 
potassium carbonate as col lection media [ 1 1 3) .  
Ha l lberg a nd Rud l ing have designed a l iquid med ium sorbent badge, i n  
which the  d iffusion was control led by  a number of  sma l l  channels .  The 
sampler was designed to be versat i le .  Sod ium carbonate/ hydrogen carbonate 
buffer was used as the absorbing med ium for S02,  and d i lute su lfuric acid was 
used as the a bsorbing medium for ammonia [ 1 1 3) .  Examples of absorbents 
with passive sampler configurations used for field S02 determination a re 
summarized in  Table 2 . 2  [29) . 
Table 2 . 2  Some passive samplers and their absorbents used for measuring S02 
Sam pler type Absorbent 
Badge Lead peroxide 
Sma l l  permeat ion device Sodi um tetrachloromercurate 
Cand le or badge Potass ium carbonate 
- - - - - - - - - _ . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - -
Badge 
Badge or tube Sodium hydroxide 
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2.3 .3 .  Ozone 
The ear l iest measurements of ground-level ozone were made by the 
Swiss chemist SchOnbein  in the m ld- 1 800s , using passive exposure of "test 
papers" impregnated with potassium iodide . Other ozone samplers with 
different chemical absorbents have been developed for field use since 1 960s 
and a re shown in  Table 2 . 3 .  Absorbents used for ozone sampl ing are ,  n it rite , 
Ind igo compounds and 1 , 2-d i (4-pyridyl)ethylene ( OPE)  in  badge- or in  tube­
type samplers Badge samplers for ozone may be preferable to tube 
samplers, as the lower pol l utant residence time in  the badge reduces the 
chance of N02 scavenging of the ozone with in  the d i ffusion path [29) . I n  case 
of 1 ,2-d i (4-pyridyl)ethylene (OPE) ,  the detection l im it is c la imed to be 3 �g/m3 
for a sampl ing t ime of 1 week and absorbance corre lates wel l  with an  
independent UV monitor method i n  field tria ls  [ 1 1 3) .  
A colori metric passive sampler for ozone based on the colorant i nd igo 
carmi ne which fades on reaction with ozone and can be estimated by 
reflectance color imetry was reported.  Detection l im its of 30 ppb/day and 1 20 
ppb/day using a plast ic grid and a PTF E  fi lter, respectively as d i ffusion 
barriers , were obtained . F ie ld tests have been conducted and showed l itt le 
i nte rference from NOx, peroxyacetyl n i trate and formaldehyde [ 1 1 3) .  
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Table 2 3 '  E x a mples of ozone absorbents used In passive sa mplers under field conditions .  
I Absor bent Reference 
1 ,2-Di( 4-pyndyl) E t hylene 
Hauser and Bradley, 1 966 
Monn and Hangartner, 1 990 
Indigo 
Werner. 1 989 
Cox and Malcolm. 1 999 
Ind igo carm i n e  
GrOSjean e t  al  . 1 995 
BytnerowlCZ et al , 1 993 
Va nous metals Gotoh. 1 993 
Brauer and Brook. 1 995 
Nitr ite Koutrakls et al . 1 993 
Tang and Lau.  2000 
Potassium iodide 
Kanno and Yanaglsawa. 1 992 
Saltzman and Gilbert. 1 959 
R u bber crack i n g  
Gotoh. 1 993 
Serrano and Castro, 1 993 
2.3.4. Ammonia 
Ammonia has a lso been monitored by passive sampl ing techniques. A 
rectangu lar  badge was described by Mazur in  1 978 ,  based on the organ ic 
vapor badge.  The charcoal impregnated g lass fiber pad was pre-treated with 
alcohol ic KOH [26] .  A badge-type sampler with a mult icavity d iffusion path 
and a bsorber solut ion was described by Kring et al in 1 982,  which was 
ana lyzed chemical ly with specific reagents conta ined in  plast ic b l isters [ 1 1 3] .  
Benedict, Reiszner a n d  West, used the same sampler as for S02 using boric 
acid as the collection solut ion and Nessler reagent [ 1 1 6] .  More recently ,  
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Wi l lems has described modified Benedict sampler to maximize the sampl ing 
rate uS ing la rge surface a rea and short d iffusion path and an  impregnated 
fi lter for adsorpt ion . Tartanc acid was found to be the best coat ing solution .  
Table 2 4 summarizes the ana lytical techniques used for the determination of 
air pollutants through passive sampl ing [ 1 1 3] .  
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able 2 4 Some examples of a bsorbent/adsorbent systems a nd their  correspond ing laboratory a n a lyt ical  
tec h n iques used for quantify ing several air  pol lutants through passive sampling.  
Air poll utant Abso rbent I Adsorbent Laboratory analysis 
technique used 
a - Colorimetry 
Ammonia ( N H3) Oxa lic aCid b - Spectrophotometry 
c - Titri metry 
a - Colorimetry 
1. Sep- Pak C ia ca rtridge impregnated 
with triethanolamine-potassium b - Ion chromatography 
Nitrogen dioxide hydroxide 
c - Spectrophotometry 
( N 02) 
2.  Triethanolamine ( T EA) 
J . Sodium Iodide + sodium hydroxide 
a - Colorimetry 
b - Coulometry 
c - Reflecta nce spectroscopy 
1 .  1 , 2-di- (4-pyridyl)ethylene (OPE) 
d - Spectrophotometry 
e - Ion chro matography 
f-Fluorimetry 
Ozone (03) 2 . 1 0 , 1 0'-dlmethyl-9,9'-blacridylidene 
J. lndigo 
4. I ndigo carmine ( 5 , 5'-di sulfonate salt  
of i nd igo) 
S .  polymer,  potassium iodide 
S. Sod i u m  nitrite, 3-methyl-2-
benzothiazolinone acetone azine 
( M B T H ) ,  />-acetamidophenol (p-
ATP), indigo carmine 
6. Sod i u m  nitrite 
1 .  Sep- Pak C1a cartridge i mpregnated 
with triethanolamine-pota ssium 
a - Ion chro matography 
hydroxide b - Colori metry 
S ulfur dioxide (502) 2. Sod i u m  carbonate 
3. Sodium hydroxide 
4.  Triethanolamine (TEA) 
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2.4 .  Aims of the Work 
This study has two ma in  objectives: 
The 2004 . M in istry of Health Annual Statist ical Report (Table 2 .5) showed 
that 46 . 1 2% of patients who were treated at the U n ited Arab Em i rates c l in ics 
from respi ratory system d iseases were in AI-Ain city. This study a imed in fact to 
find out if there is any s ign ificant relat ionsh ip between the a i r  pol lut ion and the 
spread ing of ment ioned d iseases. 
The second aim of this study is to eva luate a nd cha racterize the air q ua l ity 
in AI-Ain city s i nce there is no data publ ished or reported about the level of a i r  
pol luta nts in the City .  The concentrat ions of  the fol lowing gases;  n itrogen d ioxide 
(N02). su lfu r d ioxide ( S02) . g round level ozone (03) and ammonia ( N H3) us ing 
the simple a nd i nexpens ive pass ive sampl ing method wi l l  be measured . Pass ive 
samplers wi l l  be d istr ibuted over severa l s ites of the city represent ing the 
ind ustr ia l .  traffic .  commercial  a nd res ident ia l  a reas for a whole yea r. The 
concentration of the target gases in the extracted solut ions wi l l  be measured 
using ion chromatography.  potentiomet ry and spectrophotometry. The res ults 
obtained wi l l  be stat ist ical ly t reated . 
I n  add it ion ,  th is study a imed to improve ana lyt ical  parameters for detecting 
and q ua ntify ing low concentrations of n itrogen d ioxide in  a i r .  A new 
spectrophotometric method wi l l  be developed for measur ing n itrogen d ioxide in  
a i r  based on us ing 2 . 2-az ino- bis(3-ethyl benzoth iazol ine)-6-su lfon ic acid­
d iammon ium salt  (ABTS) as oxidat ion-red uction reagent .  
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Table 2 .5 :  Patients Treated at P . H . C by Type of Disease & Medical D istrict [ 1 1 7] 
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OTH E R  D .  OF 
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SYST E M  
DISEAS E S  O F  ORAL 
C AVITY 
0 OF OE SOPHAG U S  
. STO MACH & 
DUODENAM 
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D I SOR D E R S  OF 
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S U BC U TA N E O U S  
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G E N E RAL 
SYMPTOMS 
OT H E R S  
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3 .  Experimental 
C hapter I I I - Experi m enta l  
3.1. I ntrod u ct ion 
Monitor ing process consists of five steps ,  s ite select ion , impreg nat ion,  
deploying ,  extraction and ana lysis .  S ite select ion is considered to be the ma in  
step s ince it has to  represent the mon itored area . 
Two types of passive samplers ware used , IVL for n itrogen d ioxide and 
su lfur d ioxide which was developed by Ferm at the Swed ish E nvironmental 
Research I nstitute [30] ,  a nd OGAWA for ozone and ammonia which is 
manufactured by Ogawa & Company, USA, I nc .  
3. 2. P roced u re 
3 .2 . 1 . Site select ion 
The s ites have been selected to represent d ifferent  reg ions of AI-A in  city. 
The city was d ivided into four  mon itored zones as the fo l lowing ( F igu re 3 . 1 ) : 
1 .  The background si te:  located in  the northern bounda ry of AI-Ain (AI Foah 
cemetery) .  Th is  s ite was considered as a backg round .  
2. The industr ia l  zone :  located 5 km to  south of  the  city center. The zone 
lacks heavy ind ustr ies. 
3. The heavy traffic zone : located in  Sha ikh Zayed street near Sha ikha 
Salama's roundabout (city center) . 
4. The commercia l  zone:  located in the centra l  souq (old market) in the city 
center .  














Fig. 3 . 1 :  The selected s ites in AI-Ain C ity: 1 .  Background area, 2 .  Industria l  
a rea,  3 .  Traffic a rea,  4 .  Commercial a rea and 5. Residential area . 
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3 . 2 .2 .  C lea n i ng the pass ive samplers 
3 . 2 .2 . 1 .  N itrogen  d io x i de a n d  su lfur  d iox ide IVL passive samplers 
IVL passive samplers and their impregnated fi lters were thorough ly 
cleaned before use .  Al though Whatman 40 fi lters a re clean enoug h ;  the purity of 
the filters was checked by using field b lank samples.  When the field b lank 
samples become h igher  than norma l ,  the fi lters may be r insed by a solut ion of 
(0 . 1 M K2C03) d issolved in deion ized water. Al l  the parts of the passive samplers 
(except the Teflon fi lter) were cleaned before use by soaking overnight in  
deionized water .  The samplers were d ried before use. 
3 . 2 .2 .2 .  Ozone a nd a m mo n i a  OGAWA pass ive sample rs 
OGAWA passive samplers were thorough ly cleaned prior to each use. 
Each ind ivid ua l  part was thorough ly rinsed with deionized water .  Al l  parts of the 
passive sample rs were d ried before assembl ing the samplers.  
3.2 .3 .  Impreg nat ion 
3 .2 .3. 1 .  I m p reg nat ing so l ut ions 
The fol lowi ng solut ions were prepa red and used for impreg nating 
samplers '  fi lters for d iffe rent  gases. 
For n itrogen d ioxide, impregnating solution was prepared by d issolving 
7 .9  g Na l  and 0 . 88 g NaOH in  1 00 m l  methanol  us ing u ltrasonic shak ing .  
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For su lfur d ioxide , the impregnating solut ion was prepared by d issolving 
5.6 9 of KOH i nto 70 ml  of methanol ,  using u ltrasonic shak ing .  A 1 0  ml  g lycerol 
was added and the solution was made up to the 1 00 ml  by methanol . 
For ozone, the impreg nat ing solution was prepa red by d issolving 0 . 3  g of 
Na N02, 0 .28  g K2C03 and 1 ml of g lycerol into 1 00 ml deionized water .  
For ammonia ,  the impregnat ing solution was prepa red by d issolving 2 g of 
citr ic acid into 50 m l  of deion ized water. A 1 m l  of g lycerol was added , and the 
sol ution was made up 1 OOml by ethano l .  
3 .2 .3 .2 .  Im preg n at ion 
For  the IVL passive sample rs used for measur ing n i t rogen d ioxide a nd 
su lfur d ioxide ,  the fi lter papers were placed into the bottom led of the passive 
samplers a nd impreg nated by 50 �I port ions of the correspond ing impregnation 
solution using a m icropipette .  F i lters were then left to d ry for 1 0  min utes. 
Samplers were then mounted a nd p laced in transport boxes u nt i l  deploying. 
For  the OGAWA passive sample rs used for measunng ozone a nd 
ammonia,  c leaned fi lters were placed on E rlenmeyer flasks and then 
impreg nated us ing 50 � I  portions of the impreg nat ing solut ion .  The fi lters were 
kept to d ry i n  a n  oven at 1 00 °C for 30 min utes. The sample rs were then 
mou nted a nd p laced in  tra nsport boxes unt i l  deploying .  
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3 . 2 .4. Deploying 
Each of the five selected s ites in AI-Ain city was designed to 
accommodate fou r  passive samplers, one for each gas pol lutant .  The samplers 
were taken out of the transport box and mou nted on a sh ield i ng plate us ing 
double s ided ad hesive tape in case of the IVL passive samplers,  and cl ips in 
case of the OGAWA passive samplers. The shield ing p late protects the passive 
samplers from d i rect exposure to sun l ight ,  wind , dustfa l l  and ra in .  It has  a 
rectang ular  shape with 1 0  cm a nd 1 5  cm d imensions,  and 5 cm r im a long the 
s ides (F ig u re 3 . 2 ) .  I n  the case o f  the IVL passive samplers ,  t h e  open sides of the 
passive sample rs were or iented downwards to prevent exposure to dustfa l l  a nd 
ra in .  
Exposu re t ime periods of  14  days were app l ied for a l l  samplers.  After 
terminat ion of sampl ing ,  exposed samplers were replaced by new ones , a nd 
transferred to the lab in  a transport box for ana lyses .  
The qua l ity of the pass ive sample rs was mon itored based on b lank 
samplers.  The sam ple rs '  fi lters were impregnated with correspond ing 
impregnat ion solut ion and then p laced in  a transport box, and left in  the 
laboratory d u ring the sampl ing period . 
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Fig.  3 . 2 :  The passive s a m p lers in the commercia l  s ite . ( 1 -ozone, 2-ammon ia ,  
3-n itrogen d ioxide and 4-su lfu r d ioxide) 
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3 .2 .5 .  Extract ion 
3 . 2 .5 . 1 .  Extract ing so lut ions 
A 0.001 M t r iethanolamine prepared by d i lut ing 1 3 . 3  IJ I  of  tr iethanolamine 
to 1 00 ml using deion ized water was used as extract ing solut ion for n i t rogen 
d ioxide. A 0 . 3% hydrogen peroxide was used as ext ract ing solution for su lfur 
d ioxide. The solut ion was prepared by adding 1 m l  of 30% hyd rogen peroxide to 
1 00 ml  deion ized water. Deion ized water was used as extract ing solution for 
ozone and a mmonia . 
3 .2 .5 .2 .  Extract i ng  
The pass ive sample rs were taken ou t  of the  tra nsport box a nd their  
impregnated fi lters were removed from the sampler us ing a c lean forceps into 
1 0  ml clean p lastic via ls .  The extract ion solut ions were placed into a d ispenser 
and added to the p last ic v ia l  as  specified in  Table 3 . 1 .  
The p last ic v ia ls were closed a nd shacked ca refu l ly to extract the ions 
from the fi lters into the solut ion .  I n  case of su lfur d ioxide, smal l  amount of gas 
may be formed , so the stoppers were opened to re lease the overpressure .  The 
via ls were stored in  a refr igerator at 4 °C unt i l  ana lyses .  
Table 3 . 1 :  Extract ing solutions for d ifferent a i r  pol lutants. 
Sampler ty pe E xtracting sol ution E xtra ction volume 
N02 0 .00 ] M triethanolamine 5 m !  
S02 0 . 3% hydrogen peroxide 5 m! 
03 water (deion ized) 5 m !  
H 3  water (deion ized) 8 m l  
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3.2 .6 .  Ana lyses 
3 .2 .6 . 1 .  Ion C h romatog ra phy 
An ICS-90 ion  chromatog raph (F igure 3 . 3) ,  man ufactu red by Dionex 
Corp . ,  USA,  was used for chemica l  ana lysis of n it rite , su lfate and n it rate . 
tatus LEOs 
Injection Port --...... 
--.-. 
-..:. ........ ) 
F ig .  3 . 3 :  ICS-90 Ion Chromatography System 
Regenera nt 
Reservoir 
..... E l uent 
, 
Reservoi r  
For th is ana lys is ,  a n  an ion ana lyt ical column of the type AS9-SC was 
used . An ion M icroMembrane Suppressor (AMMS) with d i lute su lfuric acid 
( regenera nt) was used . A 1 . 8 mM sod ium carbonate was used as e luent. 
Standard solut ions, rang ing from 1 - 20 ppm , were p repared using stock 
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standard solut ion ( 1 00 ppm) purchased from Dionex. The stock solut ion was 
consisted of a m ixtu re of n itr ite, n itrate and su lfate .  Ca l ib rat ion g raphs were 
prepa red by a rea integ ration of the peaks. 
3 .2 .6 .2 .  Ammonia ion selective e lectrode (PH IL IPS)  
An ammonia ion selective elect rode model I S  570- N H3 , code 9436 094 
75501 , man ufactu red by P H I L I PS (F igure 3 .4 ) ,  was used for potentiometric 
determ inat ion of ammonium ion in  extracts. 
S ince on ly ammonia gas can pass through the mlcroporous PTFE 
membrane, measurements using th is  sensor have practica l ly  no interference 
from other chemica l constituents of the sample solut ion .  Before each series of 
measurements ,  the electrode was checked by p lott ing the ca l ibrat ion carve us ing 
four  sta ndard so lut ions of ammonium chloride in  the concentrations range of 
1 0-4 M - 1 0- 1 M. A ca l ibrat ion s lope rang ing between -52 to -55 mV were 
obta ined . Sam p le solut ions were measured under the same ana lyt ica l condit ions.  
7 l  
7 --/II 
5 
3 --�  
4 
I e l ect rode sha r t  
2 e l ec t rode cap 
3 r e fe r ence e l ec t rode 
I 
C3-- 2 
4 p I !  memb r ane o r  t he g l a ss e l ec l l'ode 
) uppe r pa r t  
6 comp r ess i on s p r J ng 
7 cab l e  
F ig .  3 .4 :  The component parts of the ammonia electrode 
I n  each experiment,  1 0  m l  of the sta ndard solut ion 1 0-4 - 1 0- 1 M was 
placed into 25 ml  beaker.  A 1 ml of 1 . 0 M in  NaOH and 0. 1 M in E DTA was 
added to the solut ion to release ammonia gas .  The solut ion was st irred for I min 
and the potent ia l  was measured us ing the ammonia ISE as ind icator electrode 
a nd Calomel as reference e leCtrode .  
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The ca l ibrat ion curve was p lotted between potent ia l  measured in the mV 
and the loga rithm of concentrat ion .  A l inear relat ionship was obtained with an 
average slope ranging from -52 mV to -55 mV. 
For measur ing samples,  5 ml sample was mixed with 0 . 5  ml of the reagent 
( 1 . 0  M in NaOH a nd 0 . 1 M in E DTA) . Potent ia l  was measured and the 
concentrat ion was determined from the ca l ibrat ion curve . 
3 .2 .6 .3 .  Spectrophotometry 
A new spectrophotometric method for measuring n itrogen d ioxide was 
developed us ing ABTS as oxidat ion-red uction color ing reagent .  The method is 
described in chapter 5 .  
3 .2 .7 .  Ca lcu lat ions 
3 .2 .7 . 1 .  C a l c u lat ion of the N02 concentration in a i r  
Concentrat ion of n itrogen d ioxide (N02) was calcu lated us ing the formula 
( 1 ) : accord ing to IVL protocol [32] 
where 
m(NO; ) x v C( NOl l = 
t x 0.0323 
as ( NO; ) ( 1  ) 
C i s  the concentration of the sampled gas in  un it of IJg N02 1m
3 
( NOl ) 
m( NO; ) is the concentration of NO; determ ined in the ext ract from the 
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fi l ter In  the un it of �g 0; Iml 
v is the extract ion volume of the fi lter in m l  
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t is the t ime of exposure in days (24 h un its) 
0. 0323 is the uptake rate for N02 which has the un it of m3/day (24h )  
3 .2 .7 .2 .  Ca lcu lat ion of the  502 concentrat ion i n  a i r  
The a i r  concentrat ion of su lfu r d ioxide (S02) was calcu lated us ing the 
formula (2) :  accord ing to IVL protocol [32] 
where 
m(SO}- ) x l' x 0667 
C ----------------( SOl ) 
I x 0.0277 
(2)  
C is the concentration of the sampled gas i n  the u n it I lg  S02-S 1m3 ( S02 ) t-" 
m( O}- )  is  the concentration of SO:- determined i n  the ext ract from the 
fi l ter in  the un it �g S042- Im l 
v is the extraction volume of the fi lter in  m l  
0. 667 is the conversion factor from s01- to S02 
t is the t ime of exposure in days (24h un its) 
0. 0277 is  the uptake rate for S02 which has the un it m3/day (24h)  
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3 . 2 . 7 . 3 .  C a l c u lat ion of the 03 concentration in a i r  
The a i r  concentration of ozone (03) was calcu lated using the formula (3) :  
accord ing to Ogawa protocol ( 1 1 8] 
m( 0� ) x v x 1 8 .09 
(O, l - ( 3 ) 
C(O, l is the concentration of the sampled gas in  the unit  ppm 
m( OJ- )  is the concentration of NO; determ ined in  the extract from the 
filter in  the un it �g Im l 
v is the extraction volume of the fi lter in m l  
is the t ime of  exposure in mi nutes t 
1 8. 09 is the constant includes conversion factor from NO; to 03 and 
the uptake rate for 03 (2 1 .8 mllm in) 
3 .2 .7.4.  Ca lcu lat ion of the N H3 c oncentration in a i r  
The a i r  concentration of ammonia g a s  ( N H3) was ca lcu lated using the 
formula (4 ) :  accord ing to Ogawa protocol [ 1 1 9] 
m( H3 ) x V x a 
C( VH. l  = ------ (4) 
C( NH, l  is the concentration of the sampled gas in  the un it ppb 
m(NH3) is the concentration of N H3 determined in  the extract from the 
fi l ter in  the un it ng N H3/m l 
v is the extraction volume of the fi lter in  m l  
t is the t ime of exposure in minutes 
a 4 3 . 8  ppb . m in/ng 
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4 . 1 .  I n trod u c t i o n  
I n  th i s  study, four ambient a i r  pol lutants are measured namely n i trogen 
d ioxide, su lfur dioxide, ozone and ammonia over a whole year .  Moni toring of 
n i trogen d iox ide and su lfur d ioxide started in  February ,  2005 and terminated 
In  February, 2006. Monitoring of ozone and ammonia started in Apri l ,  2005 
and terminated in  Apri l ,  2006. The monitored a reas represented industria l ,  
traffic ,  commercia l  and residentia l  zones. The meteorological parameters 
(temperature, humid ity wind speed and d i rection) in AI-Ain city were col lected 
from the Weather Forecast Department of Abu Dhabi  Transportat ion . The 
resulted concentrat ions of a i r  pol lutants a re d iscussed and corre lated with 
these meteorological data .  
4 . 2 .  P o l l uta n t  Va riat i o n  
Seasonal var iat ions of the pol l utants a re genera l ly  caused b y  
metrological  factors a nd to lesser degree b y  seasona l  changes i n  emission 
rates.  Furthermore, var iat ions i n  sulfur d ioxide, n i trogen d ioxide and ozone 
production by the atmospheric chemical reactions play an  essent ia l  ro le. 
4.2.1 . N itrogen d ioxide ( N 02) 
N itrogen d ioxide (N02) belongs to a fam i ly of h igh ly reactive gases 
cal led n itrogen oxides ( NOx). These gases are formed when fuel is  burned at 
high temperatures , and or ig inate pr incipal ly from motor vehic le exhaust and 
stationary fuel combustion sources such as electric ut i l i t ies a nd industri a l  
boi lers ( 1 2) .  
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N itrogen d ioxide IS a strong oxidizing agent that reacts In  the air to form 
corrosive n i tric acid,  as wel l  as toxic organic n i trates .  It a lso plays a major 
role In  the atmospheric reactions that produce ground level ozone (or smog).  
N itrogen d ioxide i rritates the lungs and lowers the resistance to 
respi ratory infect ions such as infl uenza. The effects of short-term exposure 
are st i l i  unclear,  but continued or frequent exposure to concentrations h igher 
than those norma l ly found i n  the ambient a i r  may cause increased incidence 
of acute resp i ratory i l l ness i n  chi ldren .  N i trogen oxides contribute to ground 
level ozone formation and can have adverse effects on both terrestr ial and 
aquatic ecosystems [ 1 2] .  N i trogen oxides in air can s ign i ficant ly contribute to 
a number of env i ronmental effects such as acid rain and eutrophication in 
coastal waters [9}. 
When n i trogen dioxide is absorbed on the fi l ter , i t  reacts with iodide 
leading to the formation of ni trite N02-. 
+ 
The hydroxide on the fi lter i s  converted to ca rbonate dur ing sampl ing 
due to uptake of carbon d ioxide. The ni tr ite formed on the f i l ter i s  extracted 
using triethanolam ine in deionized water to reduce the iodine formed in the 
reaction with n i trogen d ioxide to iodine [32} .  The extracted n i trite was 
determined us ing ion chromatograph as described in  the exper imenta l  part .  
Determ ined concentrat ions in  I-lg/m3 and descriptive stat ist ical analysis 
of nitrogen d ioxide are tabu lated in Tables 4 . 1  and 4 .2 .  F igs 4 . 1  and 4 . 2  show 
the variat ions of n itrogen d ioxide concentrat ions dur ing the period form 
78 
February ,  2005 to February, 2006 for the industria l ,  traffic,  commercia l  a nd 
residentia l  selected zones in  add it ion to the background or  control zone. I n  
terms o f  site vanat lon,  the traffic s ite had shown the highest concentration 
with a min of 43 .25 fJ9/m3 and a max of 80.90 IJg/m3 with a mean value of 
59 26 IJg/m3 and med ian  value of 60. 1 5  fJg/m3. The residentia l  site had shown 
the lowest concentration with a m in  of 26.46 fJ9/m3 and a max of 52 .32 IJg/m3 
with a mean value of 35. 50 IJg/m3 and median value of 34 .69 IJg/m3 The mean 
concentrat ions of the four s i tes zones were 42.07,  59.26, 35. 73  and 35.50 
IJg/m3 for the industria l ,  traffic ,  commercia l  and resident ia l  s i tes ;  respect ively .  
The correspond ing med ian  values were 43 .84 ,  60. 1 5 , 34 . 1 2  and 34.69 IJg/m3. 
The higher va lues at the traffic site are caused by the l a rge numbers of 
veh icles which largely contribute to N02 release [ 1 2] .  
I n  genera l ,  the  mean concentrat ions of  n i trogen d ioxide at  a l l  s i tes vary 
from 35 50 IJg/m3 (residentia l )  to 59.26 IJg/m3 (traffic) and the med ian  from 
35 73 IJg/m3 (commercia l )  to 42 .07 IJg/m3 ( industria l ) . These values l ie  below 
the a i r  qua l i ty standard of the Abu Dhabi emi rate ( 1 50 IJg/m3 as the 24 h 
average) (Table 1 . 7 ) .  
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Table 4 1 :  Determined concentrations of n i trogen dioxide i n  the se lected s i tes  
S a m p l i n g  T i m e  
No. Period 
1 2 1 /2 - 7/3 
2 7/3 - 2 1 /3 
3 2 1 /3 - 4/4 
4 4/4 - 1 8/4 
5 1 8/4 - 2/5 
6 2/5 - 1 6/5 
7 1 6/5 - 30/5 
8 30/5 - 1 3/6 
9 1 3/6 - 2 7/6 
1 0  2 7/6 - 1 1 /7 
1 1  1 1 /7 - 2 5/7 
1 2  2 5/7 - 818 
1 3  8/8 - 2 2/8 
1 4  2 2/8 - 519 
1 5  5/9 - 1 9/9 
1 6  1 9/9 - 3/ 1 0  
1 7  3/ 1 0 - 1 7/ 1 0  
1 8  1 7/ 1 0 - 3 1 / 1 0  
1 9  3 1 / 1 0 - 1 4/ 1 1 
20 1 4/ 1 1 - 2 8/1 1 
2 1  2 8/ 1 1 - 1 2/ 1 2 
22 1 2/ 1 2 - 26/ 1 2 
23 26/ 1 2 - 911 
- -
24 9/1 - 23/ 1 
-
25 23/ 1 - 612 
26 6/2 - 2 0/2 
Standard I N DUSTRIAL 
Area 
5 . 8 1  
5 .60 
5 . 20 
5 . 35 
5 . 2 1  
6 . 1 6  
7 . 03 
0 . 00 
-
0 . 00 
2 . 93 
-
0 . 00 
0 . 00 
5 . 74 
0 . 00 
0 . 00 
0 . 00 
5. 64 
3.28 
3 . 4 7  
--
9 . 62 
7 . 8 1  
5 . 70 
-
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38 .68 
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3 5 . 4 0  
-
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--- -
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Table 4 . 2  Descriptive statistica l ana lysis of determ ined nitrogen d ioxide 
Bac k g round Industrial  Traffic Commercial  Residentia l  
Mean 2 96 42 07 59 26 3 5 . 7 3  3 5 . 5 0  
-
Standard E rror 0 . 7 7  2 80 3.08 1 .82 1 . 75 
_. -- -
Median 2 93 4 3 . 84 60 1 5  34 . 1 2  34.69 
- - --� - ----
Range 7 03 46 26 37 .65 2 5 . 3 5  25.86 
� - -
Minimum 0 00 9 1 8  4 3 25 26.03 26.46 
- - -
Maximum 7 03 55 .44 80 90 5 1 . 3 8  52.32 
- --
Sum 4 4 38 6 3 1  04 888 . 89 5 3 5 . 96 532.55 
Background 
Commercial 
Fig .  4. 1 :  Mean va lues of n i trogen d ioxide 
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4. 2 .2 .  S ulfur d iox ide (502) 
Sulfur d ioxide (S02) belongs to the fami ly of gases cal led sulfur oxides 
(SOx) . Ambient su lfur d ioxide resul ts largely from stationary sources such as 
coal and oil combustion ,  steel m i l ls ,  refineries, pulp and paper mi l l s  and from 
nonferrous smelters [8] .  
The major health concerns associated with exposure to h igh 
concentrat ions of su lfur d ioxide i nclude effects on breathing,  respiratory 
i l lness, a l te rat ions i n  pulmonary defenses and aggravation of exist ing 
cardiovascu la r  d isease Ch i ldren,  the elderly, and people with asthma,  
card iovascu lar  d isease or chron ic lung d isease (such as bronchit is or 
emphysema) ,  a re most susceptib le to adverse health effects associated with 
exposure to S02 [ 1 2 ] .  
S02  i s  a lso a primary contributor to  acid deposit ion, or acid ra in ,  which 
causes acid i ficat ion of l akes and streams and can damage trees, crops , 
historic bu i ld ings a nd statues. I n  addit ion, su lfur compounds in  the a i r  
contribute to  v is ib i l ity impa i rment. 
Sulfur d ioxide absorbed on the fi l ter reacts with the impregnation 




Su l fite ions were extracted from the fi lters us ing hydrogen peroxide 
solut ion which oxidizes it to su lfate SO/- .  
+ 
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The extracted sulfate was determined using ion chromatography [32) .  
The resulted concentrations in  �g/m3 and the descriptive statistical 
analysis of sulfur d ioxide are tabulated in Tables 4 . 3  and 4 . 4 . F igs .  4 . 3  and 
4 . 4  show the var iat ions of su lfur d ioxide concentrations during the period form 
February,  2005 to February,  2006 for the industria l ,  traffic, commercia l  and 
residentia l  s i tes in  addit ion to the background (control) site. In terms of s i tes 
variat ions, the traffic s i te had shown the h ighest concentrat ion with a min of 
5. 78 �g/m3 a nd a max of 35 .08 IJg/m3 with a mean value of 1 5 . 1 5  IJg/m3 and 
med ian  va lue of 1 4 . 47  IJg/m3 The residentia l  s ite had shown the lowest 
concentrat ion with a m in  of 3 .47  IJg/m3 and a max of 30 .08 IJg/m3 with a mean 
value of 1 1 .82  IJg/m3 and median value of 1 0 . 36 IJg/m3 The mean 
concentrat ions of the four s i tes were 1 2 . 39,  1 5 . 1 5 , 1 2 . 36 and 1 1 .82 IJg/m3 for 
the industria l ,  traffic ,  commercia l  and resident ia l  s ites ; respectively. The 
corresponding median va lues were 1 1 . 90 , 1 4 .47 , 1 1 . 86 and 1 0 .36 �g/m3. S02 
concentrations were shown to be close. Th is may be attributed to the fact that 
the main sources of su lfu r  d ioxide are not found in  the ci ty and secondary 
sources such as  aerosols ,  cement and fert i l izer factories as wel l  as other 
unseen factors play the s ign ificant in  the sulfur dioxide variation among the 
selected sites. 
In genera l ,  the mean concentrations of sulfur d ioxide at the whole city 
and for the a l l  s ites vary from 1 1 . 82 IJg/m
3 ( resident ia l )  to 1 5. 1 5  IJg/m3 (traffic) 
and the med ian  from 1 0 . 36 IJg/m
3 ( residentia l )  to 1 4 . 47  IJg/m3 (traffic) .  These 
values l ie below the a i r  qua l i ty standard of the of the Abu Dhabi  emirate 
( 1 50 IJg/m3 as 24h average) .  
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Table 4 . 3 :  Determ ined concentration of sulfur dioxide in the selected sites 
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- -
6/2 - 2 0/2 
Backgro u n d  
A rea 
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2 . 80 
2 . 70 
- -
4 . 24 
5 . 58 
3 . 9 5  
8 . 74 
9.32 
1 3 .07 
1 2 . 34 
2 . 54 
3 . 54 
2 5 . 2 7  
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5 . 59 
5 . 4 3  
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-
2 . 59 
7 . 20 
7 . 50 
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6 . 1 8  
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I nd ustri a l  Traffic C om me rc i a l  Reside ntial  
A rea A rea A rea A rea 
5.83 8 . 62 4 . 93 4 . 03 
6 .40 7 . 60 6 . 1 0  4 . 00 
-
5 . 50 6 . 4 0  5.30 3 . 80 
_. --
4.63 5 .78 6 . 0 1  3 .47 
- -
1 2 . 78 1 2 . 36 1 1 . 86 1 4 . 53 
8 . 4 3  1 4 . 8 3  7 . 64 5 .88 
1 5 . 1 7  1 8 .53 1 1 . 8 7  1 0 .36 
-
8 . 42 1 7 . 2 5  1 1 . 1 2  1 0 .30 
- -
1 7 .20 2 2 . 02 1 4 . 4 5  26.32 
1 1 .90 1 5 . 90 1 3 .29 1 3 . 38 
1 2 . 35 1 4 . 02 1 3 .08 1 0 .90 
-
1 6 . 99 1 0 . 7 9  1 7 . 7 8  1 2 . 1 2  
-
30 . 5 5  35.08 29.70 30.08 
- - -
1 2 . 09 1 4 . 4 7  1 3 . 1 8  1 1 .89 
- -
1 0.44 1 2 . 56 1 1 . 4 1  1 0. 1 8  
1 1 . 65 1 5 .88 1 1 . 73 9 . 57 
7 . 44 1 0 . 4 9  1 0 .42 6 . 32 
-
1 1 . 52 1 3 . 1 6  1 1 . 87 9.29 
-
9. 1 5  7 . 94 5 . 44 3 .45 
--
7 . 90 9. 1 0  7 . 50 5.40 
---
9 . 1 0  1 2 . 30 6 . 80 6 . 1 0  
--
8 . 50 1 0 . 70 6 .60 6.00 
7 . 63 8 . 94 6 .58 5 . 92 
- 1- -
6 . 84 8 . 02 5. 92 5 . 39 
--
5.66 5 . 52 5 . 52 4 . 2 1  
-
4 . 30 8 .93 3. 98 6 . 33 
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Ta ble 4 4 . Descriptive statist ical ana lysis of determined sulfur d ioxide 
Bac kground Industr ia l  Traffic Commercial  Res idential  
Mean 5 92 1 2 39 1 5 . 1 5  1 2 .33 1 1 .82 
� - � 
Standard E rror 1 . 80 1 6 1  1 . 78 1 . 52 1 .94 
- - - .-
Median 3 95 1 1 . 90 1 4 . 4 7  1 1 . 86 1 0.36 
- -. -
Range 2 5 2 7  25 92 29.30 24.77 26.6 1 
--
M i nimum 0 00 4 63 5. 78 4 . 9 3  3 .47 
---
Max i m um 2 5 . 2 7  30 55 35.08 29 . 70 3 0 . 08 
- -
Sum 8 8 8 3  1 85 8 1  227 . 3 1  1 85.02 1 77 .33 
Background 
I ndustria l  
Traffic 
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4.2.3. Ozone (03) 
Ozone is an  odorless,  colorless gas composed of three atoms of 
oxygen .  Ozone occurs both in the Earth's upper atmosphere and at ground 
leve l .  Ozone can be good or bad, depending on where it is  found:  
Good Ozone: Ozone occurs natura l ly in  the Earth's upper atmosphere - 10 to 
30 m i les a bove the Earth 's surface - where it forms a protective layer that 
shields us from the sun's harmful u ltraviolet rays. This benefic ia l  ozone is 
gradual ly being destroyed by manmade chemicals .  An a rea where ozone has 
been s ign i ficant ly depleted - for example,  over the North or South Pole - is 
sometimes cal led a "hole i n  the ozone. "  
Bad Ozone: Ground level ozone is no t  emitted d i rectly i nto the  a i r ,  but rather 
is formed by complex chemical reactions between volati le organ ic  compounds 
(VOC) and oxides of n itrogen (NOx) in  the presence of sunl ight .  These 
react ions a re stimu lated by sun l ight and temperature, so that peak ozone 
leve ls typ ica l ly  occur during hot weather. 
There a re numerous sources of VOC emissions, including automobi les, 
gasol ine vapors, chemica l  solvents and consumer products l ike paints. 
Ozone "precursors" (NOx and VOCs) ,  as wel l  as ozone itself, can be carried 
hundreds of m i les from the i r  orig ins,  causing a i r  pol lut ion over wide regions. 
Ozone at ground level is  a harmful pol l utant. Ozone pol lut ion is a concern 
during the summer months, when the weather condit ions needed to form i t  -
lots of sun ,  hot temperatures - normal ly occur [8] . 
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Sensitive people to ozone Include chi ldren and adu lts who are active 
outdoors , people with respiratory d isease such as asthma and people with 
unusual sensit iv ity to ozone. One group at high r isk from ozone exposure is 
active ch i ldren spend long time during summer playing outdoors . People with 
respi ratory diseases that make thei r  lungs more vu lnerable to ozone may 
experience health effects earl ier and at lower ozone levels than normal  
ind ividua ls .  Ozone i rr itates the respiratory system, causes coughing ,  throat 
irr itation a nd/or an  uncomfortable sensation in  the chest. Ozone can reduce 
lung function a nd make it more d ifficult to breathe deeply and vigorously. 
When ozone levels a re high, more people with asthma wi l l  have attacks that 
require a doctor's attention or the use of addit ional medicat ion. Ozone can 
increase susceptib i l i ty to respiratory i nfect ions. Ozone can inflame and 
damage the l i n ing of the lungs.  With in  a few days , the damaged cel l s  a re shed 
and replaced m uch l ike the skin peels after sunburn . Animal  studies suggest 
tha t  if th i s  type of in fl ammation happens repeatedly over a long t ime period 
(months, years, a l i fet ime) ,  lung t issue may become permanently scarred,  
result ing i n  less lung e lasticity, permanent loss of lung function and a lower 
qual ity of l i fe [ 1 8] .  
G round- level ozone reduces the ab i l i ty o f  p lants to  produce and store 
food, so that growth and reproduction are affected. It makes p lants more 
susceptible to d i sease,  pests and environmental stresses. Ozone can k i l l  or 
damage leaves so that they fa l l off the plants rapidly or become spotted or 
brown The effects of ozone on long-l ived species such as trees are believed 
to add up over many years so that whole forests or ecosystems can be 
affected.  Add it iona l ly ,  ozone has been shown to reduce agricultural yields for 
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many economical ly Important crops such as soybeans, k idney beans, wheat, 
and cotton [9] . 
The absorbed ozone on the f i l ter oxid izes n it rite N02- eXist ing in  the 
Impregnat ion solut ion to n itrate N03- . 
+ + 
N itrate ion was extracted using deionized water and determined by ion 
chromatograph [ 1 8] .  
The resu lted concentrat ions in  �g/m3 and the descriptive statist ical 
analysis of ozone are tabulated in  Tables 4 . 5  and 4 .6 .  F igs .  4 . 5  and 4.6 show 
variat ions of ozone concentrations during the period form Apri l ,  2005 to Apri l ,  
2006 for the industri a l ,  traffic ,  commercia l  and resident ia l  sites i n  addit ion to 
the background (control)  s i te. In terms of sites variat ions, the background s ite 
had shown the h ighest concentration with a m in  of 1 2 . 86 �g/m3 and a max of 
24 01 �g/m3 with a mean value of 1 7 03 �g/m3 and median value of 1 5 . 52 
�g/m3 . The traffic s i te had shown the lowest concentration with a m in  of 4 .67 
�g/m3 and a max of 1 8 . 7 7  �g/m3 with a mean value of 8 . 56 �g/m3 and median 
value of 7 . 2 8  �g/m3. The mean concentrat ions of  a l l  s i tes were 1 7 . 03,  1 1 .68 ,  
8.56, 1 1 . 56 a nd 1 4. 36 �g/m3 for the background,  industria l ,  traffic, commercia l  
and resident ia l  s i tes;  respectively. The corresponding median va lues were 
1 5 . 52 , 1 0 . 1 5 , 7 .28 , 1 0 . 37 and 1 3 . 57 �g/m3. 
The h igh concentration of ozone in  the background s i te can be 
expla ined based on what is cal led "urban quenching" .  Ozone concentrat ions 
are genera l ly  lower in  u rban areas than in  rural a reas. This is because urban 
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areas tend to have h ig her levels of oXides of n itrogen than rura l a reas, which 
can react with ozone and reduce its concentrat ion. As pol lut ion from nitrogen 
OXides In urban areas has been reduced however, th is ozone-suppressi ng 
effect i s  smal ler than it was [ 1 20]. 
In genera l ,  the average concentrations of ozone in  the city over al l  sites 
vary from 7 . 8 1  )Jg/m3 ( i ndustria l )  to 1 1 . 88 )Jg/m3 (traffic) and the median from 
3 23 )Jg/m3 ( industria l )  to 1 4 47 )Jg/m3 (traffic) . These values l ie  below the a i r  
qua l i ty sta ndard of  the Abu Dhabi emirate ( 1 20 )Jg/m3 as 8 h average) . 
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Table 4 5 . .  Determined concentration of ozone In the selected s ites I-lg/m3 
a m p l i n g  T i m e  
No. Period 
I 4/4 - 1 8/4 
2 1 8/4 - 2/5 
3 2/5 - 23/5 
4 2 3/5 - 3 0/5 
.-
5 3 0/5 - 1 3/6 
-. 
6 1 3/6 - 27/6 
--
7 2 7/6 - 1 1 /7 
8 J 1 /7 - 2 5/7 
-
9 2 5/7 - 8/8 
� 
1 0  8/8 - 22/8 
1 I 22/8 - 5/9 
1 2  5/9 - 1 9/9 
-
1 3  1 9/9 - 3/ l  0 
1 4  3/ 1 0  - 1 7/ 1 0  
1 5  1 7/ 1 0 - 3 1 1 1 0  
-
1 6  3 1 / 1 0  - 1 41 1 1 
1 7  1 41 1  1 - 2 81 1 1 
_. -
1 8  28/ 1 1 - 1 21 1 2  
--
1 9  1 2/ 1 2 - 26/ 1 2  
20 2 6/ 1 2 - 9/ 1 
-
2 1  9/ 1 - 23/ 1 
-
22 23/ 1  - 6/2 
- -
23 6/2 - 20/2 
24 20/2 - 613 
25  6/3 - 20/3 
26 2 0/3 - 3/4 
Backgro u n d  
A rea 
22 .92 
1 8 . 1 0  
1 3 .76 
1 4 .9 1 
1 5 . 52  
1 7 . 1 4  
1 4 .66 
1 4 .49 
1 6 . 89 
1 2 . 86  
22 .44 
1 3 .67  
24 .0 1 
20 . 57  
23 . 27  
22 .80 
2 3 .23 
26.46 
24 .30  
20 .24 
1 8 . 23  
24 .45 
23 .23  
20 . 57  
2 1 . 1 0 
23 .00 
I N DUST R I A L  
-
A rea 
9 .57  
1 0 . 1 5  
-
1 6 . 96 
- � - -
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-
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23 .50  
- - --- -
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Table 4 6: Descriptive statistical ana lysis of determined ozone. 
Background Ind ustrial  Traffic Commerc i a l  
Mean 1 7 0 3  1 1  68 8 56 1 1  56 
Sta ndard E rror 1 05 1 1 3  1 1 0  0 . 96 
Median 1 5 52 1 0  1 5  7 28 1 0. 37 
Ra nge 1 1  1 5  1 4 . 4 1  1 4 . 1 0  9 . 86 
Minimum 1 2 86 6 . 85 4 67 7 . 75 
- - - -
Maximum 2 4 . 0 1 2 1 .26 1 8. 7 7  1 7 .6 1 
-- -
Sum 2 2 1 3 7  1 5 1 . 82 1 1 1 . 23 1 50 .25 
I ndustr ia l  
Traffic 
Fig .  4 .5: Mean va lues of ozone 
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4.2.4. A m m onia (N H3) 
Ammonia ,  a colorless gas or l iquid with a sharp I rritat ing odor, can be 
found in  household cleaners ,  wax removers, g lass and window cleaners, and 
oven cleaners .  Ammonia is formed natura l ly by the decomposit ion of ur ine, 
manure and dead organisms. I t  has been observed in  outer space and 
galactic dust clouds. I n  strong concentrat ions, ammonia vapors and l iqu ids 
can be corrosive causing severe burns and i rritation to the sk in ,  eyes and 
lungs. Household ammonia conta ins 5- 1 0% ammonia and i s  considered to be 
an i rr i tant rather than a corrosive hazard. Vapors, even i n  low concentrations , 
can cause severe eye , lung and sk in i rritation .  Chronic i rr ita tion may occur i f  
ammonia is used over long periods of t ime [ 1 9] .  
Ammonia absorbed o n  the fi l ters reacts with citr ic acid exist ing in the 
im pregnat ion solution form ing ammonium ion N H4 + 
+ 
Ammonium ion produced was extracted using deionized water and 
determ ined by ion chromatograph [33] . 
The concentrations in  �g/m3 and the descriptive statist ical a nalysis of 
ammonia a re tabulated in  Tables 4 . 7  and 4 .8 .  F igs.  4 . 9  and 4 . 1 0  show 
variat ions of  am monia concentrations during the period form Apri l ,  2005 to 
Apr i l ,  2006 for the i ndustria l ,  traffi c, commercial and res ident ia l  s ites i n  
addit ion to  the backg round (contro l )  site. The traff ic s ite had shown the 
highest concentration with a min of 1 . 80 �g/m3 and a max of 43 .93 �g/m3 with 
a mean va lue of 1 1 . 88 �g/m3 and median value of 1 0. 26 I-lg/m3. The industria l  
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site had shown the lowest concentration with a min of 0 .69 I-lg/m3 and a max 
of 38.67 I-lg/m3 with a mean va lue of 7 . 8 1  I-lg/m3 and med ian va lue of 3 .23  
�g/m3 The average concentrations of  the four s i tes were 7 . 8 1 , 1 1 . 88 , 1 0 . 70 
and 9 .65 I-lg/m3 for the i ndustria l ,  traffic ,  commercia l  and residential s i tes ;  
respectively. The correspond ing median va lues were 3 .23 ,  1 0. 26 ,  8 .62 and 
4 . 79 I-lg/m3 . 
The va lues of a l l  s i tes are shown close. The reason may be attributed 
to the fact that the ma in  source of ammonia is the Fert i l izer Factory located 
outside a l l  the selected s ites ,  thus i t  affects them by more or less the same 
extent .  The most important possible  sources of ammonia a re the green areas 
in the streets and gardens in the city which is fert i l ized by ammonia ferti l izers 
and i rr igated by pre-treated waste water from the ci ty Waste Water Treatment 
Plant .  The waste water is usual ly treated for the sol id contaminants only a nd 
the effluent used i n  i rr igat ion is fu l l  of soluble inorgan ic  a nd organic 
ingredients inc luding ammonia and is responsible for the bad odor smel led 
from these g reen a reas post to i rr igation for some days after .  Th is  i s  a lso 
responsib le for the h igh concentration va lues obtained from the background 
site which is located in the border of AI-Ain C i ty in  a g reen area .  
In  genera l ,  the mean concentrat ions of ammonia in  the city and for a l l  
sites vary from 7 . 8 1  I-lg/m3 ( industria l )  to  1 1 . 88 I-lg/m3 ( traffi c) and the median 
from 3 .23  I-lg/m3 ( industria l )  to  1 0. 26 I-lg/m3 (traffic) . These va lues l ie below the 
air qua l ity standard of the World Hea lth Organ ization (WHO) (350 I-lg/m3 as 1 h 
average) . 
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Time Backgro u n d  I nd ustria l  Traff ic 
P e riod A rea A rea A rea 
4/4 - 1 8/4 5 8 1 2 02 1 0. 67 
- -
1 8/4 - 2/5 8 . 83 8 .32 1 0 . 2 2  
2 / 5  - 23/5 1 1 .54 5 . 29 8 . 2 1  
2 3/5 - 30/5 1 . 5 1  38.67 4 3 . 93 
-
30/5 - 1 3/6 6 . 1 0  0 . 74 1 . 80 
1 3/6 - 2 7/6 3 . 05 4 . 06 9 . 49 
2 7/6 - 1 1 /7 1 0 .26 9.68 1 1 . 84 
.. . - --- - - . 
1 1 /7 - 2 5/7 
2 5/7 - 818 
8/8 - 2 2/8 
2 2/8 - 5/9 
- -
5/9 - 1 9/9 
1 9/9 - 3/ 1 0  
3/ 1 0  - 1 7/ 1 0  
1 7/ 1 0 - 3 1 / 1 0 
-
3 1 / 1 0 - 1 4/ 1 1 
-
1 4/ 1 1 - 2 8/ 1 1 
-
2 8/ 1 1 - 1 2/ 1 2 
1 2/ 1 2 - 26/ 1 2 
--- .. -
26/ 1 2 - 91 1 
- .-
9/1 - 23/1 
-
2 3/ 1  - 612 
6/2 - 2 0/2 
� -
2 0/2 - 613 
-
6/3 - 20/3 
-
2 01 - 314 
4 . 33 2 1 . 36 
-
1 8 . 2 7  1 . 65 
- -
1 1 .02 1 0 .47 
9 . 02 1 4 .59 
-. - . -
5 0 . 9 1  24.33 
1 0 58 1 3 . 3 2  
-
3.67 1 4 . 30 
7 . 7 1  1 1 .90 
._-_.- - -
4 . 83 2 . 04 
-- _ .. ._ -
7 . 95 0 . 9 1  
-
4 . 4 1  0 .69 
9 . 60 1 . 30 
-- - --
1 3 .92 2 . 4 1  
-- -----
1 6 .48 
. - -
8 . 47 
3 . 09 
--- --
1 4 . 2 5  
1 5 .23 
----
1 4 . 93 
7 . 84 
-----
1 . 06 
1 . 90 
-- - - -
1 . 1 1  
. .  - _ . .  -




8 . 7 7  
7 . 5 1  
1 3 . 98 
1 0 . 4 1 
�. 
2 5 . 5 5  
1 0 . 3 0  
- .. 
1 0 . 7 2  
1 2 . 1 8  
4 . 83 
2 . 32 
4 . 1 8  
5 . 8 1  
- - _ . _ . . -




9 . 72 
6 . 42 
1 2 . 2 2  
--





C ommerc i a l  Resident ia l  
A rea A rea 
1 1  89 5 33 
8 . 94 0 . 7 3  
8 . 30 0 . 62 
4 1 .24 5 3 . 74 
3 . 02 4 . 0 1  
1 0. 2 0  0 . 6 3  
1 0. 3 8  0.99 
-
3 . 5 7  0 . 1 6  
-
1 4 . 7 1  1 0 .89 
7 . 8 7  8 . 1 8  
39. 59 2 0 . 8 1  
t--
1 5 . 3 8  1 3 .40 
6.68 2 1 .2 5  
3 . 26 0 . 54 
9.65 0.52 
-
1 . 32 0 . 50 
0 . 7 1  1 0 .56 
-
1 . 3 1  4 . 0 1  
7 . 98 2 8 . 7 9  
- -
1 3. 3 4  1 . 08 
---
1 5.69 1 . 30 
-
1 1 . 98 1 4 .87 
2 7 . 79 33.06 
- - -
1 . 1 1  4 . 9 1  
- -- -
1 4 3  4 .67 
- --
0.90 5 . 3 5  
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Table 4 8: Descriptive statistical a na lysis of determ ined ammonia .  
Mean 







Background Industrial  
1 0 6 1  7 8 1 
1 84 1- 1 . 80 
8 93 3 . 2 3  
4 9 4 1  37 98 
1 5 1  0 69 
50 9 1  38.67 
- - --- - --
2 7 5 7 9  203. 1 3  
Tra ffic 
Traffic 
1 1  88 
1 7 1  
1 0 .26 
42 1 3  
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1 0 .70 
-
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- -
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-
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- --
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Fig .  4 . 7 :  Mean va lues of ammonia 
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4. 3. Re lat ion  between Metro log ica l  Factors a nd Pol l uta nt Levels 
The meteorolog ical factors play an important role in  the d i lut ion or  
concentrat ion of  em itted pol lutants in  the atmosphere over a g iven reg ion . The 
most important elements a re temperature. humid ity a nd wind speed . F igs .  4 .9  -
4. 1 1  show the variat ion of these three elements during the period of study. 
Contr ibut ion of the above ment ioned meteorolog ical parameters was eva luated 
us ing mu lt ip le reg ression a na lysis . The resu lts of th is ana lysis a re tabu lated in 
Tables 4 . 9  and  4 . 1 0  for the four  s ites during the 2005-2006. R-square. p-values 
and t-test ind icate the s ign ificance of each effective meteorolog ical variable on 
pol lutant levels and the type of the relationship ( inverse or d i rect ) .  
Tables 4 .9  a nd 4 . 1 0  show that  the meteorolog ical parameters have a 
s ign ificant effect p < 0 .05 for a l l  pol lutants in  a l l  s ites. I n  addit ion . R-square shows 
that the effect of unexpla ined factors on levels of pol lutants is nearly s imi lar  in  
ind ustr ia l  (22-48) .  t raffic (2-44) .  commercial (9-59) and res idential  zones (3-56) . 
Th is reason m ay be att r ibuted to the s imi larity in  bu i ld ings height and d istr ibution 
between a l l  zones of the city which d istributed on a wide a rea.  
Table 4 . 1 1  ind icates that wind speed has an i nverse relat ionship with 
n i t rogen d iox ide and su lfur d ioxide concentrations and a d i rect relationsh ip with 
ozone and a mmonia concentrat ions in all s ites. Temperature has an inverse 
relat ionship with ozone levels in a l l  s ites and with n itrogen d ioxide and ammonia 
in  the resident ia l  zone. H um id i ty has a d i rect relationship with n i t rogen d ioxide. 
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sulfur d ioxide a nd ammonia except residential s ite in  case of su lfur d ioxide and 
ammonia and has an inverse relat ionship with ozone in  a l l  s ites . 
I n  genera l ,  variat ions in concentrations of the monitored a i r  pol lutants and 
the effectiveness of the met rolog ical factors on them may correlated with the city 
features such as low popu lation density, wide streets, horizontal expand in 
bu i ld ing ,  a lot of p la ntation and a lot of modern cars. Veh icles are assumed to be 
the main source of a i r  pol lut ion because there a re no heavy industries, power 
plants , refineries and chemical factories. 
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Table 4 .9 :  E ffect of meteorolog ical pa rameters on the selected air polluta nts 
A. n i t rogen d i o x i d e  
i te  Tempe rat u re 
P-v a l u e  t- test 
I ndustri al  0.283 1 . 1 23 
Traffic 0.644 0 .469 
Commercia l  0 . 1 22 1 .609 
Resi dential  0.403 0 .853  
B.�ulfur d ioxide 
Site  
I ndustria l  
Traffic 
Commercia l  
Residentia l  
C. ozone 
i t e  
I ndustria l  
Traffic 
Commerc i a l  
Residential  
D. a m m o n i a  
Site  
I ndustria l  
Traffic 
Commercia l  
Residential  
Tempe ra t u re 
P-va l u e  t-test 
0.002 3 . 4 70 
0 .00 8  2 .943 
0 .000 4 . 1 65 
0 .005 3 . 084 
Tempe ra t u re 
P-v a l ue 
0 .0 1 2  
0 .003 
0 .0 1 6  
0 .0 1 2  
t- test 
2 . 724 
3 .3 79 
2 .605 
2 . 737 
Tempe ra t u re 
P-va l u e  t-test 
0 . 1 7 1  1 .4 1 4  
0 .747 0 .326 
0 .682 0 .4 1 5  
0 .549  0 .608 
H u m id i ty W i nd Speed 
R-sq P-va l u e  Hest P-v a l u e  t- test 
0. 1 52 1 .4 83 0 . 1 68 1 .452  26.8% 
0.504 0.679 0 .597 0 .536  6.2% 
0 . 1 98 1 .326 0 .20 1 1 .3 1 9  2 1 . 1 %  
0 .658  0.448 0 .478 0 .723  22 .6% 
H u mid i ty W i n d Speed 
R-sq 
P-v a l u e  t-test  P-v a l ue t -test 
0.746 0.328 0 .253  1 .  1 75  47 .9% 
0.824 0.225 0.797 0.26 1 43 .5% 
0.700 0.390 0.429 0. 806 5 8 .5% 
0.962 0.048 0.29 1 1 .082 56 .2% 
H u m id i ty W i n d  Speed 
R-sq 
P-va lue t-test P-v a l u e  t- test 
0.482 0. 7 1 5  0 .298 1 .065 30 .9% 
0.064 1 .950 0 .08 1 1 . 829 40.2% 
0 .505 0.678 0 . 5 82 0 . 5 5 8  29.6% 
0 . 3 5 8  0.939 0 .394 0 . 869 29.3% 
H u m id i ty W i n d  Speed 
R-sq 
P- v a l u e  t-test P-va l u e  t- test  
0. 896 0. 1 3 3 0.49 1 0 .70 1 22.2% 
0 .53 1 0 .637 0.780 0 .283 1 .9% 
0.329 0.998 0 . 1 80 1 .3 8 5  9.0% 
0 .788 0.272 0 .64 8 0.463 2 .5% 
Table 4 . 1 0 : Effect of meteorolog ical parameters on the mean values of the a i r  
pol lutants 
Air  Po l l u t a n t  
Tempe ra t u re H u m i d i ty W i n d  Speed 
R-sq 
P-v a l u e  t-test  P-v a l u e  t-test  P-v a l u e  t-test 
N02 0.486 0 . 709 0.296 1 . 1 3 5 0 .277 1 . 1  1 4  1 9 .2% 
S02 0 .002 3 .6 1 5  0 .826 0 .222 0 . 3 8 7  0 .882 52 .2% 
03 0.007 3 .004 0 .289 1 .087 0 .280 1 . 1 07 33 .0% 
N H3 0 .750  0.322 0 .694 0.398 0 .4 1 1 0 . 839 4 .0% 
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4.4. Hea lth Effect of the A i r  Po l l uta nts 
Respiratory d iseases fal l  into four  categories: acute d iseases, such as 
pneumonia a nd influenza ; chronic d iseases , such as chronic obstructive 
pulmonary d isease (COPO) and asthma; occupational lung d iseases, such as 
byssinosis ,  a sbestos is ,  and coa l worker's pneumoconiosis ;  and other 
parenchyma l  l ung d iseases, such as immune-related lung d iseases [ 1 2 1 ] . 
Severa l stud ies have reported s ign ificant associations between outdoor a i r  
pol lut ion and morta l i ty for resp iratory d iseases. These resu lts, however, were for 
morta l i ty in a l l  ages or in elderly people [ 1 22] .  The principal a i r  pol lutants which 
harm the resp i ratory system are part icu late matter, ozone, n i t rogen d ioxide and 
su lfur d ioxide. The effects of these pol luta nts a re mentioned in  chapter I except 
the effects of part icu late matter. 
Part icu late matter (PM)  is an air pol lutant cons ist ing of a mixture of 
part icles that can be sol id ,  l iqu id or both ,  and is suspended in a i r  and represents 
a complex m ixture of organic and inorgan ic substances . These part icles vary in  
size, composit ion a nd orig i n .  The i r  properties are summarized accord ing to  their 
aerodynamic d iameter, cal led part icle size. The coarse fraction is cal led PM 1 0  
(particles with a n  aerodynamic d iameter smal ler than 1 0  IJ m ) ,  which may reach 
the upper part of the a i rways and lung .  Smal ler or fine particles a re cal led PM2.5 
(with an aerodynamic d iameter smal ler than 2 . 5  IJm) ;  these a re more dangerous 
because they penetrate more deeply into the lung and may reach the a lveolar 
reg ion [ 1 23] .  Pa rt icles larger than 1 0  micrometers in d iameter a re referred to as 
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total suspended particu lates (TSP) .  These larger part icles can cause i rritation to 
eyes , nose and th roat in  some people , but they a re not l ikely to cause serious 
problems si nce they do not get down into the lungs [ 1 24] .  
Po l len a l lerg ies a re caused by some specific substances released from 
pol len into the a i r  (pol len a l lergens) .  I n  Europe pol len al lergens may be 
responsib le for 1 0-20% of a l lergic d iseases . I n  d ifferent reg ions d i fferent p lant 
species a re responsible for pol len a l lergies. For instance, g rasses and b i rch t rees 
are the ma in  cause of pol len a l lergies in Northern and Central Eu rope , ragweed 
in Central a nd Eastern Eu rope, and ol ive t rees and cypresses in Southern 
E u rope [ 1 25] .  
The h ighest number of patients suffer ing from respi ratory d iseases in  UAE 
in 2004 , was in  AI-Ain city (Table 2 . 5) .  I n  genera l ,  i t  seems that there is n o  a 
relat ionship between the mon itored pol lutants and the respi ratory d iseases. The 
concentrations of the mon itored air pol lutants in  AI-Ain c i ty during a whole year  
l ied below the  a i r  qua l ity standard of the Abu  Dhabi  emirate and  the a i r  qua l ity 
standard of the World Health Organ ization (WHO). These concentrations may 
not consider the ma in  reason of the high number of respi ratory d iseases. 
U nfortunately, t here is no pub l ished data about the sources of respiratory 
d isease in  AI -Ai n city, so the main substantia l ly expected sources may be the 
part icu late m atter s ince the city is surrounded by sand dunes from al l sides , 
some types of pol lens,  the big d i fference in temperatu re between outdoor and 
indoor a nd between day and n ight  and most probably bacter ia l  and vira l  infection. 
106 
5 .  SpectrophotoR1etric 
DeterR1ination of N02 Using 
ABTS 
i trogen Dioxide using ABT .... 
5.1. I ntrod uct ion 
Th is  part o f  our  study a imed to  develop new sensit ive and selective 
detect ion scheme for qua nt ifying low concentrat ions of N02 gas pol l utant .  
N it rogen d ioxide was col lected from the atmosphere using the passive sampl ing 
technique as mentioned in  Chapter 2 .  N itrite ions ext racted were measured 
spectrophotometrica l ly us ing ABTS as oxidation-reduct ion coloring reagent 
Many ana lyt ical methods have been proposed for trace n itrite ana lysis.  
Most of the methods a re based on the formation of strongly colored azo dyes. 
Other methods inc lude k inetic methods [ 1 26 , 1 27] ,  chromatography [ 1 28 , 1 29] .  
potentiometry [ 1 30 , 1 3 1 ] . amperometry [ 1 32] .  polarography [ 1 33] ,  cap i l la ry 
electrophoresis [ 1 34 ] .  spectrophotometry [ 1 35 , 1 36] and flow injection ana lysis 
( F IA) systems [ 1 37- 1 40] were reported . Some of these reported methods have 
d isadvantages such as requ i ring of heating ,  t ime consum ing , extraction process, 
serious i nterference , etc. 
In our developed method , n i trite was measured using 2 , 2-azino-bis(3-ethyl 
benzoth iazol ine)-6-su lfon ic  acid-d iammonium salt  (ABTS) as  oxidat ion-red uct ion 
coloring reagent .  N itr ite in strongly acidic solution forms oxonitrite species ( NOO-) 
which is strong ly oxid iz ing agent [ 1 4 1 ] . Oxon itrite when added to the red uced 
form of ABTS, the oxid ized form of ABTS + is formed accord ing to the fol lowing 
Scheme 5 . 1 .  The oxid ized form has a g reen-blue color, which a bsorbs strongly at 
4 1 5  nm .  
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ABTS has been used as a substrate for enzymatic peroxide tests [ 1 42 ] ,  
perca rboxyl ic acid ana lysis [ 1 43] a n d  select ive determination of reactive bromine 
and chlorine species [ 1 44] .  ABTS when oxid ized undergoes a one-elect ron 
tra nsfer processes as depicted in  Scheme 5 . 1 .  This reaction prod uces ABTS
"+ as 
an intermed iate stable g reen colored rad ica l .  I t  has a broad absorption spectrum 
conta in ing severa l maxima with h igh molar absorptivity [ 1 45 ] .  
Ox. 




Scheme 5. 1 :  Chem ical structure of 2, 2-azino-bis(3-ethylben-zoth iazol i ne)-6-sulfonate 
(ABTS) and its react ions .  
The ABTS + rad ica l can be generated from ABTS enzymatica l ly us ing 
myoglob in  [ 1 46] or horserad ish peroxidase [ 1 47] ;  chemical ly us ing Mn02 [ 1 48] ,  
potass ium persu lfate [ 1 49] or peroxide radicals [ 1 50] ;  and electrochemical ly [ 1 5 1 ] .  
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5.2 .  E x p e ri m e n ta l  
5 .2 . 1 .  Mate ria ls  
Reagent g rade chemica ls and deion ized water were used throughout .  
2 ,2-az ino-bis(3-ethyl benzothiazol ine)-6-su lfon ic acid-d iammonium salt  reagent 
ABTS was pu rchased from Sigma-Ald rich . Hyd rochloric acid , sod ium n it rite a nd 
deionized water were pu rchased from Merck . IVL passive sampler  was 
previously described in  section 3 . 2 .  
5 . 2 .2 .  Sta n d a rd s o l ut ions 
A stock ( 1 0-3 M )  standard solut ion of  ABTS was prepared by d issolving 
0 . 0548 g of d iammon ium-ABTS salt  i n  1 00 ml of deion ized water and stored at 
4 'C . A 0 . 1 M hyd roch loric acid solut ion was p repared by d issolving 8 .28 m l  of 
conc. hyd rochlor ic a cid in 1 L of deion ized water and sta ndard ized us ing pr imary 
sta ndard sod i um ca rbonate . A 1 0  ppm sta ndard solut ion of n itr i te was prepared 
by d issolving 0 . 0 1 5  g sod ium n itr ite into 1 00 ml deion ized water .  
5 .2 .3 .  A p pa ratus 
Absorpt ion measurements were performed us ing a Cary 50 UV-Vis 
spectrophotometer (Va rian ,  I nc. , Austr ia) with 1 cm quartz ce l ls  (F igure 5 . 1 ) . IVL 
passive samplers were used to col lect n i trogen d ioxide as mentioned in 
section 1 . 6 . 2 . 4 . 1 .  
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Fig . 5 . 1 :  Cary 50 UV-Vis spectrophotometer. 
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5.2 .4. Proced u res 
Several  experiments were cond ucted to choose the opt imum cond it ions 
such as concentrat ions of ABTS, hyd roch loric acid and n itr ite .  In add it ion , the 
stoich iometry of the react ion between n i trite a nd ABTS was stud ied . 
5.2.4. 1 . Effect of t ime 
The effect of t ime on the rate of ABTS oxidat ion reaction was stud ied by 
m ixing 1 ml of 1 0-3 M ABTS with 3 ml  of 0 . 1 M Hel  and 1 m l  of 5 ppm n itrite into 
1 0  ml volumetr ic flask .  The a bsorption spectra were sca nned at 3 m in  t ime 
intervals in the ra nge 200-500 nm .  
5 . 2 .4 .2 .  Effect o f  H e l  concentration 
The concentration of  hyd roch loric acid needed to  fu l ly oxid ize ABTS with 
opt imum react ion rate was stud ied . 1 ml port ions of 1 0-
3 
M ABTS were mixed with 
1 ml port ions of the 1 0  ppm n it rite solut ion into 1 0  ml volumetric flasks .  A 1 m l  
port ion of  0 . 00 1 - 1 . 0  M standard Hel  solut ion was added to each flask .  I n  a nother 
experiment ,  series volumes of 0 . 5-8 ml of 0 . 1 M Hel were added to d ifferent 
flasks conta i n i ng 1 ml of 1 0-
3 
M ABTS mixed with 1 ml of 1 0  ppm n itr ite. The tota l  
volume was adjusted to 1 0  ml in  each f lask a nd absorption spectra of each 
sample were sca nned from 200-500 nm.  
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5 .2 .4 .3 .  Effect of o rder of add it ion 
The effect of add it ion order of hydrochloric acid , ABTS and n it rite ions was 
stud ied . M ixtu res of 1 ml of 1 0-3 M ABTS with 3 ml of 0 . 1  M He l  and 1 ml  of 5 
ppm nitr ite i nto 1 0  ml  volumetric flask were prepared by inversing the orders of 
add itions .  Each of the resu lted solut ion was sca nned after 2 m in .  
5 . 2 .4.4.  C a l i b rati o n  C u rve 
Different volumes of the 1 0  ppm sta ndard n it rite solut ion (50 I-l i  - 600 1-l 1 )  
were added to a m ixtu re of 3 ml  port ions of 0. 1 M hyd roch loric acid and 1 ml  
port ion of 1 0-3 M ABTS into 1 0  ml  volumetric flasks .  The solut ion was made up  to 
1 0  ml by deion ized water .  The resu lt ing concentration of n itr ite solut ions ranged 
from 0 .05  ppm to 0 .6  ppm. Absorbance at Amax = 4 1 5  nm for each solut ion was 
measured after 2 m in  incubation a t  room temperature aga inst reagent b lank 
conta in ing a l l  ing red ients except n itr ite ions .  A ca l ibrat ion g raph was plotted as 
absorbance versus concentration of n it rite ion ( F igure 5 . 5) .  
5.2 .4.5.  Mea s u rement  o f  n itrogen d ioxide in  a i r  ( rea l  samples)  
The fi l ter in  the IVL passIve sample r  was impregnated by 50 jJ l  of 
impreg nat ion solut ion prepared by d issolvi ng 7 . 9  g Na l  and 0 . 88 g NaOH in 1 00 
ml  methanol  and shaked wel l  us ing u ltrasonic bath .  N itrogen d ioxide in 
I 1 3  
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atmosphere was converted into nitr ite on the sampler which was extracted using 
5 m l  of 0 .001  M tr iethanolamine d issolved in  deion ized water. Triethanolamine 
red uces the iod ine formed in  the reaction with n itrogen d ioxide. 
A 0 . 7  ml  of each n itrite ions solut ions prod uced were m ixed with 3 ml of 
0 . 1 M hydroch loric acid a nd 1 m l  of 1 0-3 M ABTS. The solut ions were made up  to 
1 0  ml by deion ized water .  P rod uced samples were scan ned after 2 min t ime 
inte rvals incubat ion t imes.  The absorba nce at 4 1 5  nm was recorded . The 
ana lys is was repeated th ree t imes and the average of the resu lted absorbance 
was ca lculated . 
5.3. Res u lts a n d  D isc uss ion  
5 .3 . 1 .  Absorption S pectra o f  ABTS + 
F ig .  5 . 2  shows the UV-VIS absorption spectra of 1 0-3 M ABTS before and 
after add it ion of d ifferent amounts of 0. 1 -0 .6 ppm sta ndard n it rite solution . The 
m ixtu res were made up to 1 0  m l  to form n itrite concentration of 0 . 1 -0 .6  ppm. The 
spectra show b road i ntense bands at 3 1 5 and 4 1 5  nm.  Other bands previously 
reported at 650 , 732 and  820 nm were not shown in the fig u re ,  s ince they a re 
p roduced by fu l ly oxidat ion of ABTS to ABTS++ wh ich is not our  case [ 1 43, 1 45] .  
The band at  4 1 5  nm corresponding to the ha lf oxidation of  ABTS to ABTS+ is  
strong and  has  been u sed for monitoring n i trite ions concentrat ion in  solut ion 
throug hout our study .  I t  is clear from F ig .  5 . 2  that by increasing n itr ite 
1 1 4 
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concentrat ion ,  the intensity of the 3 1 5 nm band is decreasing whi le the band at 
4 1 5 nm I S  increas ing . An isoesbert ic point at ::::: 360 nm indicates that such redox 
reaction is in  equ i l i b ri um .  
ABTS 
Therefore cha nges in  a bsorba nce at 4 1 5 nm were used for measuring the 
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Fig . 5 .2 :  Absorption spectra of the 1 0-3 M ABTS after addit ion of 0. 1 -0 .6  ppm of nitrite. 
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5.3 .2 .  Effect of t ime 
Fig .  5 3 shows the re lat ion between rate of reaction and t ime. I t  was found 
that the reaction between 1 m l  of 1 0.3 M ABTS with 3 ml  of 0 . 1 M Hel  and 1 ml  of 
5 ppm n itrite i nto 1 0  ml  volumetric flask was low and needs a long t ime to 
terminate . The rate of react ion as mentioned depends on the concentration of 
hydroch loric acid a nd n it ri te, so at h igh concentration of them the reaction 
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Fig .  5 .3 :  Effect of  t ime on the rate of reaction. 1 ml of 1 0.3 M ABTS with 3 ml of  0. 1 M 
Hel and 1 ml  of 5 ppm n itrite into 1 0  ml volumetric flask were mixed. The absorption 
spectra were scanned at 2 min time interval  
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5 .3 .3 .  Effect of hyd roc h l o ric  ac id  
The effect of hyd roch loric acid on  the reaction rate was stud ied . The rate 
of reaction was found to increase with increasing hyd roch loric acid concentration 
as shown in  F ig .  5 . 4 .  The optimum concentration of hydrochloric acid to be 
added to 1 m l  of 1 0.3 M ABTS was chosen after several experiments . 3 ml of 0 . 1 
M .  HCI  showed nearly the complete conversion of ABTS to ABTS+ after 
2 min utes incubation at room temperature .  Therefore a l l  subsequent 
measu rements were made us ing 3 ml  of 0 . 1 M H C I .  
3 ,-----------------------------------------------, 
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Fig. 5 .4 :  E ffects o f  hydrochloric acid on  the rate of reaction. 1 ml  port ions of 1 0.3 M ABTS 
were m ixed with 1 m l  port ions of 1 0  ppm nitrite solution into 1 0  ml volumetric f lasks. 
0 .5-8 ml of 0 . 1 M standard Hel solut ion were added to different f lasks. The total volume 
was adjusted to 1 0  m l  in each sample. 
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5 .3 .4. Effect of order of a d d ition 
i t roQen Dio ide usi n Q  A BT - -
Reordering the m ix ing of 1 ml of 1 0.3 M ABTS with 3 ml of 0 . 1 M Hel  a nd 1 
ml of 5 ppm n it rite into 1 0  ml volumetric flask showed that the reaction between 
ABTS and n itr ite in strong acid ic solut ion d id not depend on the order of add it ion 
of these components .  
5 . 3 .5 .  C a l i b ratio n  c u rve 
Fig .  5 . 5  shows the variat ion of concentration versus a bsorption of n itr ite at 
4 1 5  nm. Stra ight  l ine was obtained in the dynamic range 0 . 05-0 .6  IJg/m l of N 02- .  
A l inear equat ion fitt i ng y = 1 . 2706x + 0. 0322 with correlat ion coefficient 
R
2 
= 0. 9982 and  s lope of 1 .2706 were obtained . 
In  th is  method , the quantitat ion l imit was found equa l  to 0 . 05 ppm which 
means that i t can be used to measu re low concentrat ions of n it rogen d ioxide in  
the atmosphere compar ing wi th the o ld method which has a quantitation l imit  
equal  0.5 ppm a nd compa r ing with most of the techn iques l isted in  tab le 5 .2 .  
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F ig .  5 . 5 :  Cal ibration Curve: 50-600 �I of 1 0  ppm standard nit rite solution were added to 
mixtures of 3 ml portions of 0. 1 M hydrochloric acid and 1 ml portions of 1 0.3 M ABTS 
Into 10 ml volumetric f lasks. The solut ions were made up to 1 0  ml by deionized water. 
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5 .3 .6 .  Appl icat ion to rea l samp les 
i t roQen Dio ide usinQ A BT � -
The ca l ib ra tion curve (F ig .  5 . 5) was used for measur ing nitrite ions 
col lected using the passive samplers. The resu lts a re shown in Table 5 . 1 .  A 
compa rison with ion chromatog raph ic measurements has shown an excel lent 
fitt ing as ind icated by the t-values.  The t-va lues lower than 3 .0  ind icate that there 
is no s ign ifica nt d ifference between the two compared methods at the 95% 
confidence leve l .  However,  the sensit ivity and concentrat ion range of our 
developed spectrophotometric method is one order of mag n itude less than the 
ion chromatog raphic method . Concentration va lues g iven in  Table 5 . 1 were 
obtained by m u lt ip ly ing the concentration by a factor of 1 0  as  shown in  the 
experimental  part .  
A dynamic  range from 0 .05-0 .6 IJg/ml shows that o u r  developed method 
h a s  h i g h  s e n s i t i v i ty  co m p a red to  p rev ious ly  p u b l i s h ed ones  (Tab le  5 . 2 ) .  
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Table 5. 1 :  Absorbance and concentrations of the field samples using the newly 
developed spectrophotometric and ion chromatographic methods .  
Average of 
Concentration ( ppm) 
No. F ield Description Developed A bsorba nce IC Method 
Method 
1 3( 1 6/5 - 30/5) 0 .557 5 . 1 8  5 . 90 
2 4( 1 6/5 - 30/5) 0 . 287 3 . 29 2 . 87 
3 5( 1 6/5 - 30/5) 0 . 323 3 . 35 3 . 2 7  
4 3( 1 3/6 - 2 7/6) 0 . 640 6 . 44 6 . 76 
5 2 (27/6 - 1 1 /7 )  0 . 4 32 3 . 8  4 . 05 
6 3( 1 1 /7 - 2 5/7) 0 . 224 1 . 34 2 . 1 5  
. 
7 5 ( 1 1 /7 - 2 5/7) 0 . 1 35 NO 1 . 1 6  
8 2(25/7 - 8/8) 0 . 4 34 4 . 6  4 . 52 
9 3(2517 - 8/8) 0. 530 5 . 83 5 .60 
1 0  5 (5/9 - 1 9/9) 0. 297 3 . 05 2 . 97 
* (ND) Not Detected 
1 2 1  
t-Test 
0 . 1 4  
0 .06 
0 . 04 
0 . 03 
0 .09 
0 . 06 
* *  
0 . 02 
0 . 07 
0 . 00 
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Table .  5 . 2 :  Pa rameters for n it rite detect ion [ 1 52] .  
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5.4. Conc l us i o n  
A new h ig h ly sensit ive spectrophotometric method was developed to 
measure low concentrations of n itrogen d ioxide in atmosphere based on its 
convers ion to n itr ite ions col lected using IVL passive samplers . N itrite in acidic 
solut ion is converted to oxon itrite which oxidizes ABTS into ABTS + with 
maximum a bsorbance at 4 1 5  nm .  
The sens itivity and concentration ra nge of the  developed 
spectrophotometr ic method IS  one order of magnitude less than the ion 
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Conclusion 
I n  th is study, four a i r  pol lutants were monitored in  AI-Ain C ity over a whole 
yea r from Feb, 2005 to Apri l ,  2006. The four monitored pol l utants were n i trogen 
dioxide, su lfur d ioxide, ozone a nd ammonia .  Four sites were selected represent ing 
AI-Ain C i ty zones which a re industria l ,  traffic ,  commercial a nd res identia l .  In  
add ition ,  a background s i te was chosen i n  a remote area outside the city. 
Passive sampl ing technique was used to measure the concentration of the 
upper mentioned a i r  pol l utants due to its low cost ,  low technica l  demand as wel l  as 
exped iency for monitoring many pol l uted locations .  Ion chromatography, ammonia 
ion selective electrode and spectrophotometry were used for subsequent l ab  
analysis 
A new spectrophotometric method was developed to measure a lower 
concentrat ion of n i trogen d ioxide through the redox reaction between the resulted 
n itrite and a redox calorimetric reagent ABTS. 
Concentrat ions of N itrogen d ioxide ranged between 35. 50 IJg/m3 
(residentia l )  a nd 59 . 26 IJg/m3 (traffic) . The maximum concentrat ions in  the traffic 
area were attr ibuted to the large number of running vehicles i n  th is  area which i s  
the main  source of N02 i n  AI-Ain C ity. 
Resu lts have shown that AI-Ain city i s  one of the cleaned cit ies of su lfur 
d iox ide. T he da i l y  average concentrat ion did not exceed one tenth of the a l lowed 
leve l .  The reason was attributed to the absence of the ma in  sources of S02 such 
as combust ion of foss i l  fuels conta in ing sulfur at power stat ions a nd petroleum 
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refi n ing in  the city. The mean concentrations of su lfur d ioxide vary from 1 1 .82  
IJg/m3 ( residentia l )  to  1 5 . 1 5  IJg/m3 (traffic) .  
The h ighest concentrations of ozone were detected in  the background s ite 
located in  AI-Foah cemetery outside the city. This can be expla ined by the 
phenomenon ca l led "urban quenching" ,  where ozone concentrations a re general ly 
lower in u rban a reas than in rural  a reas ones. Ozone in u rban a reas is 
decomposed by reaction with NOx The mean concentrations of ozone vary from 
8 .56 IJg/m3 (traffic) to 1 7 .03  IJg/m3 (background) .  
Ammonia concentrat ions in a l l  sites were shown very close a nd this may be 
attr ibuted to the fact that the main source of ammonia is  the AI-Ain Fert i l izer 
Factory, located outside a l l  the selected sites, and affect the whole c i ty by the 
same extent .  The most important possible sources of ammonia a re the g reen 
areas in streets and gardens which a re fert i l ized by ammonia ferti l izers .  Th is  is 
a lso expla ins the high concentration of ammonia obtained in  the backg round a rea 
located at the border of AI-Ain City in a g reen a rea .  The mean concentrations of 
ammonia vary from 7 . 8 1  IJg/m3 ( I ndustria l )  to 1 1 . 88 IJg/m3 (traffic) .  
The average concentrations of the four monitored air  pol l utants i n  AI-Ain 
city during the t ime of the study were found below the air q ual i ty standard of the 
Abu Dhabi  emi rate a nd WHO. 
Based on a l l  these findings,  it could be concluded that  the h igh number of 
respiratory system pat ients in AI-Ain compared to other cit ies in the UAE,  can not 
be ma in ly attr ibuted to the monitored a i r  pol l utants.  Other factors such as wind­
blown sand as a source of particulates , some types of pol lens, v ira l  and bacterial 
infections a nd common cold harm the respiratory system .  
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Recommendations 
Although the status o f  the studied gasses are wel l  below the standard levels 
cited by Abu Dhabi Environmental Agency and WHO, both popu lat ion and number 
of vehicles a re d ramat ical ly increasing every year. This i ncrease demands better 
awareness of its proba ble impacts on air qua l ity. These fo l lowing are some 
recommendat ions that may be revealed from this study to cont inue having clean 
atmosphere i n  AI-Ain c i ty. 
• I mp lement ing air qua l i ty monitoring stat ions process .  This wi l l  lead to a 
better and closer monitoring of d i fferent sources of pol l ution.  A centra l 
record for the country has to be establ ished to i nsure smooth and 
cont inuous tra nsfer of  data .  
• E ncourag ing the private sector to establ ish its own monitor ing stations, and 
l ink ing them to the nat ional  network. 
• Superv is ing the more pol l uted sectors , and i nsuring its implementat ion of 
set emiss ion standards.  
• Deve loping control schemes based on rea l  t ime mode l ing of a i r  qua l ity 
patterns.  
• Cond ucting more a ppl ied i nterd isci p l inary research in  the fie ld of a i r  q ua l ity 
mon itor ing ,  and the nature of industria l  pol lut ion sources. Th is  research 
should be taken cared by Min istry of Health and governmenta l agencies. 
• Solv ing traffic congestions shift ing to the usage of natural  gas as a fuel for 
vehic les ,  and encouraging the use of hybrid eng i ne vehic les.  
• Adopt ing a strict annua l  technical evaluation for a l l  vehic les.  
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• Establ ish i ng a susta inable strategy for urban planning that ensures better 
a l location of d i fferent types of land use (housing,  commercia l  a nd industria l )  
accord ing to  ava i lable recent meteorological and  a i r  qua l i ty patterns.  
• Reeva luat ing ornamental  plants for the presence of resp i ratory a l lergens.  
Also estab l ish ing g reen bel t  around the city to reduce part iculate matters 
suspended by wind .  
• Amending a rchi tectural concepts to i nclude better venti lat ion a nd interior 
des ign mod i ficat ions such as minim iz ing the use of rugs and carpets to 
reduce the risk of a l lerg ies .  
• Orga niz ing envi ronmental publ ic awareness programs th rough the use of 
mass media (TV, radio ,  newspapers and the in ternet) in  add i t ion to new 
technologies such as mobile SMS.  
• Awareness the publ ic with v ira l  and bacteria l  infect ions , vaccinat ion process 
and ways of its transfer, to reduce the large number of resp i ratory diseases. 
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